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Preface 


The present revolution in science teaching is a re- 
sponse to the mushrooming growth of scientific in- 
formation. Teachers can no longer depend upon easy 
generalizations as in the past; ideas become obsolete 
almost as soon as they are presented. Therefore, mod- 
ern science programs emphasize the processes by 

-which information is obtained and made meaningful; 
they help young people “uncover” science rather than 
“cover it. 

Modern programs demand modern textbooks. EX-— 
PLORING EARTH SCIENCE has two goals: (1) to 
bring young people into contact with their en- 
vironment in such a way as to stimulate a desire to 
investigate, and (2) to provide them with an under- 
standing of the methods and philosophies of science so 
that they can carry out investigations with a minimum 
of direct guidance by teachers. 

This book is only an introduction; it makes no effort 
to exhaust the field. The topics were selected, not be- 
cause they are currently popular in the public press, 
but because they lend themselves to exploration in 
depth in the laboratory and in the field. Direct ex- 
perience with basic scientific research is essential for 
developing a true appreciation of the nature of sci- 
ence and its limitations. The resulting critical atti- 
tudes and habits of independent thinking make pos- 
sible a continuation of learning long after the years of 
formal schooling have ended. 
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HYPOTHESES AND THEORIES 


“I have been wondering, Mr. Weaver. 


Why does the ocean always 


look so clean even though rivers and waves are always adding mud to 
it? Even the Gulf of Mexico looks clean.” 


“I guess I haven't thought about it, Sally, but you are right. 


water does usually look clear.” 


Ocean 


NESS the salt in ocean water makes mud settle out fe Mr. 


Weaver. 


“That is possible, George. Does anyone have another idea?” 

“Aren't there other things dissolved in ocean water? Maybe one of 
these minerals makes the mud drop out.” 

“I think the oceans are just so big that the muddy water doesn’t 


make much difference.” 


Proposing Hypotheses. Three’pu- 
pils suggested reasons why oeean 
water is usually clear. A suggested 
explanation, not yet tested, is called 
an hypothesis. (The plural is hy- 
potheses.) What three hypotheses 
were proposed by the class? What 
other hypotheses can you propose? 

Testing Hypotheses. An hypoth- 
esis is only a guess. It must be 
tested before it can be accepted or 
discarded. Many reasonable hy- 
potheses have been proven wrong 
and some that seemed unreasonable 
were later found to be correct. 


Scientists prefer to test hypotheses 
with experiments whenever pos- 
sible. Conclusions drawn from ex- 
periments are based upon facts that 
can be rechecked at any time. 

Above are shown the materials 
that can be used to check the sug- 
gestion that dissolved salt speeds up 
the rate at which mud settles from 
water. Plan an experiment using 
these materials. 

Try the experiment. What are 
your observations? What conclu- 
sions do you draw from the experi- 
ment? 


The Variables of an Experiment. 
An experiment is used to discover 
how a change in one condition may 
affect another condition. For ex- 
ample, the boy here is trying to find 
out if the rate of evaporation is af- 
fected by dissolved salt. 

Any condition that changes dur- 
ing an experiment is called a vari- 
able. In the experiment above, the 
amount of dissolved salt is one vari- 
able. What is another? 

The boy can change the amount 
of dissolved salt as he wishes. 
Therefore, this variable is called the 
independent variable. 





The boy wishes to find out if the 
evaporation rate depends upon the 
dissolved salt. Therefore, the evap- 
oration rate is called the dependent 
variable. 

Every properly planned experi- 
ment has one independent variable 
(which the experimenter changes), 
and one dependent variable (which 
may depend upon the independent 
variable). The table below lists sev- 
eral problems that may be solved by 
experiments. Identify the inde- 
pendent and the dependent variables 
in each problem. Suggest other 
problems and identify the variables. 








Problem 


Independent Variable 


Dependent Variable 











Effect of pebble shape on 


movement by water 
Effect of particle size on 
soil drainage 

Effect of water on flow of 
clay 


Effect of wind speed on 
drying of soil 


Shape of pebbles; flat, 


round, angular 
Size of sand particles 


making up soil 


P 


Distance moved down a 
trough by flowing water 


? 


Angle of slope down 
which clay flows 


i? 
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Planning an Experiment. Two 
pupils learned that pendulums are 
used in studying the earth’s shape. 
They planned experiments to find 
out how a pendulum operates. 

One pupil suggested that the rate 
of a pendulum’s swing depends upon 
its weight. The other suggested 
that the rate depends upon a pen- 
dulum’s length. What additional 
hypotheses can you propose? 

The pupils decided to test the 
first hypothesis. Their first step was 
to select a method for changing the 
independent variable. They de- 
cided to add metal washers, one at 
a time, as shown in the diagram. 

Next, they had to find a way to 
measure changes in the dependent 
variable. They planned to count 
the number of complete swings the 
pendulum made in one minute. 

Finally, the pupils had to think 
about other possible variables. Sup- 
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pose that the pendulum were to be 
started with a different push each 
time. The pupils could not be sure 
whether the rate depended upon the 
pendulum’s weight or the starting 
push. 

Therefore, the pupils listed the 
pendulum’s length, the type of 
string, the way the string would be 
fastened, and the starting push as 
possible variables which should be 
kept from changing. What other 
possible variables can you think of? 
How might you keep each of these 
possible variables from changing? 
Try the experiment. 

Because the pupils tried to control 
other variables which might affect 
the results, the experiment is called 
a controlled experiment. Plan and 
carry out a controlled experiment to 
find out whether or not a pendulum’s 
rate depends upon the length of the 
pendulum. 











Rate Swings 
per minute 


WEIGHT 
2 WASHERS 
3 WASHERS 
4 WASHERS 


5 WASHERS 


6 WASHERS 


Testing by Prediction. Many hy- 
potheses cannot be tested by experi- 
mentation because conditions can- 
not be controlled. A geologist may 
believe that ice flows faster in the 
centre of a glacier than along the 
edges, but he cannot develop a con- 
trolled experiment with a glacier be- 
cause he cannot control such vari- 
ables as thickness, composition, and 
pressure. He must depend upon 
some other method for testing his 
hypothesis. 

The geologist might predict that 
‘a straight row of stakes across the 
ice should become curved within a 
few months because some parts of 





the glacier flow faster than others. 
He may then visit a glacier, drive 
in a row of stakes, and wait to see if 
his prediction is correct. 

If the row of stakes remains in a 
straight line, the geologist’s predic- 
tion is wrong and he will probably 


discard his hypothesis. If the row 
becomes curved as predicted, the 
geologist has obtained evidence sup- 
porting his hypothesis. 

The Problem of Proof. This ge- 
ologist should not be satisfied with 
a single set of observations. The 
flow of ice might be different in 
other glaciers and the pattern of flow 
might change from time to time. 
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The hypothesis should be tested 
in as many other situations as pos- 
sible.‘ Each correct prediction in- 
creases confidence in the hypothesis. 
A wrong prediction shows that the 
hypothesis is faulty and should be 
changed or discarded. 

How many correct predictions 
would you consider necessary to 
prove any hypothesis? Why is it 
more difficult to prove an hypothesis 
correct than to prove it incorrect? 
Why do scientists prefer to test hy- 
potheses with experiments when- 
ever possible? 

Testing Earth Science Hypotheses. 
At the present time, controlled ex- 
periments with the weather, the 
stars, and the earth’s interior are not 
possible. Direct observations of 
plants and animals which lived mil- 
lions of years ago are also impos- 
sible. For reasons such as these, 
geologists, astronomers, and mete- 
orologists depend upon predictions 
for testing their hypotheses much 
more than do biologists, physicists, 
and chemists. 

Astronomers depend almost en- 
tirely upon predictions for testing 


hypotheses. For example, after an 
astronomer has measured the posi- 
tion of a comet on three or more 
nights, he can calculate the comet's 
probable path. Then he can predict 
the position of the comet at any fu- 
ture time. If the comet is seen in 
the predicted locations, the calcula- 
tions are correct or nearly so. If 
the comet is not seen where pre- 
dicted, the path must be recalcu- 
lated and tested again. 

The table below lists several hy- 
potheses that cannot be tested satis- 
factorily by experimentation. Make 
a prediction for each of the hypoth- 
eses as illustrated by the first line of 
the table, and describe the ways by 
which you might check each predic- 
tion. 

Discuss each hypothesis in terms 
of the number of correct predictions 
you would need before the hypoth- 
esis could gain your confidence. 
What would be the effect of an in- 
correct prediction in each case? 

Propose some other hypotheses 
that must be tested by the method 
of prediction. Test one of the hy- 
potheses. 








Hypothesis 


Prediction 





Atmospheric pressure decreases as altitude 
increases. 
An east wind brings rain. 


Granite makes longer lasting cemetery 
monuments than marble. 

The swiftest part of a stream is in the 
middle. 

Leaves cool more rapidly than the air 
around them on clear nights. 

The moon is larger when it first rises than 
later in the night. 





A barometer will read less on top of a tall 
building than at the bottom. 


P 
: 


P 
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A DISCARDED THEORY 
OF THE EARTH'S INTERIOR 


VOLCANO 


CONTINENT 





Theories. About 300 years ago, 
Isaac Newton suggested that any 
two objects pull on each other with 
a force. This force is now called 
gravity. His hypothesis made pos- 
sible countless accurate predictions 
of the positions of planets, satellites, 
and other objects in space. 

An hypothesis which is supported 
by so many accurate predictions that 
it gains widespread confidence is 
called a theory. Thus, Newton’s 
hypothesis became known as a the- 
ory. Today, it is often taught as a 
fact, proven beyond all doubt. 
Nevertheless, a few scientists point- 
ed to certain predictions based on 
Newton’s theory which have been 
found incorrect. These scientists, 


under the leadership of Albert Ein- 


stein, developed a different descrip- 
tion of gravitation. 

A Discarded Theory. At one 
time, many people believed the 
earth to be a mass of molten rock 
covered with a thin crust which 
formed as the surface cooled and 
hardened. Volcanoes were sup- 
posed to be openings through the 
crust. Mountains were supposed to 
be wrinkles produced as the earth 
cooled and contracted. 

Certain geologists pointed out 
that lava should be the same every- 
where if all volcanoes connect to the 
same mass of molten rock. Other 
geologists pointed out that the moon 
should cause large tides in molten 
rock similar to tides in the oceans. 
These predictions were found to be 
inaccurate and the theory was dis- 
carded. 

A Popular Theory. During the 
earth’s four billion year history, the 
continents have not eroded com- 
pletely. To explain this observation, 
the hypothesis was developed that 
continents might be blocks of light 
rock floating in a heavier plastic 
rock. As part of a continent is un- 
loaded through erosion, that part 
rises slowly. As part of a continent 
becomes loaded with sediments, that 
part sinks slightly. 


LIGHT ROCK 
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This hypothesis provides a sim- 
ple explanation of many conditions 
on the earth and, as a result, the hy- 
pothesis has become a very popular, 
widely accepted theory. It is also 
used as a basis for other theories. 

A direct proof of this theory 
would be to observe the rocks un- 
derneath the continents. For this 
reason, geologists are developing 
methods of drilling deep holes 
through the edges of continents. If 
the rocks underneath are heavy and 
plastic as predicted, the theory will 
probably be considered as proven. 
But if the rocks are different, a num- 
ber of theories will have to be dis- 
carded. 

Rival Theories. Fossils in Europe 
and North America show many sim- 
ilarities. So do fossils between other 
now distant places. One hypothesis 
explains this relationship by land 
bridges between continents along 





which animals could travel, as North 
and South America are connected 
today. Another hypothesis suggests 
that the continents were once joined 
as shown here, but broke apart and 
drifted away from each other. 

Where might there have been 
some land bridges in the past? 
Where were land bridges unlikely? 

Lay a thin paper on a globe and 
trace the continents. Cut out the 
outlines and push them together as 
suggested by the continental drift 
theory. 

If scientists have two equally 
good theories, they usually accept 
the simpler one. Therefore, the 
land bridge theory was popular for 
many years although there were no 
signs that some of the continents 
could have been joined by bridges. 
Today, the continental drift theory 
is being re-examined with greater 
interest. 


THEORIES IN EARTH SCIENCE. The majority of the broad ex- 
planations in earth science are not yet proven. Most of today’s theories 
are accepted only because they provide accurate predictions. As scien- 


tists develop ways for making direct observations of places out of 
range of our present instruments, many accepted hypotheses and theo- 
ries will be changed or discarded. 





15 


JEBULAR THEORY 








Additional Investigations 


- Read about some of the hypotheses that have 


potheses are popular at present? Prepare an 
earth. Three of the many hypotheses are illus- 
trated above. Try to find out why some of the 
hypotheses have been discarded. Which hy- 
potheses are popular at present? Prepare an 
illustrated report of one of these hypotheses. 


. Scientists are trying to develop low-cost 


methods of producing fresh water from salt 
water. Test the hypothesis that dissolved salt 
can be removed from ocean water by freezing. 


_ Use wood blocks in water to make a model 


which ‘shows that continents may sink slightly 
when loaded with sediments and rise slightly 
when worn away by erosion. 


_ Plan a method for testing the hypothesis that 


rain packs bare soil. Carry out your experi- 
ment and report the findings in class. 


. Invent at least three hypotheses to explain the 


presence of fossil trees in Antarctica, and pre- 
sent the hypotheses to your class. Suggest 
how the hypotheses might be tested. 


. Investigate the theory of continental drift and 


prepare charts that illustrate it. 


. Many books say that Galileo dropped light 


and heavy objects from a tower to prove that 
all objects fall at the same speed. Test the 
same hypothesis using objects of the same size 
(to keep air resistance the same), such as a 
large cork and rubber stopper. Drop the ob- 
jects through a distance of at least 30 feet. 
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The Atmosphere 


The air that surrounds us stretches upward many miles, becoming thin- 
ner and thinner until it blends with the space between planets. There is 
no definite upper boundary to the atmosphere and there are no meaning- 
ful figures to describe its thickness. 

The height of the atmosphere is sometimes given as thirty or forty miles; 
more often it is given as three hundred or four hundred miles. At low 
altitudes, there are trillions of molecules per cubic inch of air. At much 
higher levels, however, the molecules may be inches apart. Thus, air at 
high altitudes (if it can be called air) is totally unlike the air at sea level. 





GASES 


IN THE AIR 


Two gases, oxygen and nitrogen, make up about 99% of the volume 
of dry air, with other gases present in very small amounts. However, 
the air around us is never truly dry. Water vapour is commonly present 
as 1% or 2% of the total volume and may make up as much as 4% of 
the volume in moist, tropical conditions. _How does the presence of wa- 
ter vapour affect the percentages given for the composition of dry air? 


Oxygen. The oxygen of the at- 
mosphere unites readily with many 





lron Filings 


other elements in such common 
processes as erosion, burning, and 
respiration. Make a list of processes 
in which oxygen plays a part, nam- 
ing the elements or compounds in- 
volved and the products formed. 
Wet the inside of a test tube and 
pour in as many dry iron filings as 
can stick to the wet glass. Stand 
the test tube upside down in water. 
Twenty-four hours later measure 
the amount of water that has risen 
in the tube. Assume that this water 
took the place of the oxygen re- 
moved by rusting. Calculate the 


18 


percentage of oxygen in the air at 
the beginning of the test. What 
other’ assumptions must be made 
with this test? 

Ozone. A peculiar odour often 
noticed near electrical equipment is 
caused by the gas, ozone. Ozone is 
a special form of oxygen. Each mol- 
ecule has three atoms of oxygen in- 
stead of the usual two. 

Ozone is even more active chem- 
ically than oxygen and is manufac- 
tured to bleach cloth, to kill bacteria, 
and to remove odours. It is also un- 
stable, breaking up readily to pro- 
duce oxygen gas. 

Ozone is rare in the low levels of 
the atmosphere, except in local situa- 
tions where it may be plentiful 
enough to cause damage. At high 
levels, it is an important part of the 
atmosphere. 

Electric sparks can change oxygen 
gas to ozone. This method is used 
in the ozone manufacturing plant 
shown above. 

Nitrogen. Nitrogen makes up 
about four-fifths of the earth’s at- 
mosphere. The gas remaining in a 
test tube after oxygen has been re- 
moved by rusting is nearly pure 
nitrogen. 

Nitrogen gas is not very active 
chemically and plays little part in 
most chemical processes. Neverthe- 
less, nitrogen atoms are very im- 
portant and are found in many com- 
pounds, including all proteins. 

Nitrogen gas combines with oxy- 
gen in lightning bolts, producing 
nitric oxide which unites with rain 
and washes to earth. The nitrogen 
compounds produced by this process 
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dissolve in soil water and are used 


by plants. 

Small amounts of nitrogen are re- 
moved from the atmosphere by 
some of the micro-organisms which 
live in the soil. These micro-organ- 
isms produce nitrogen compounds 
such as proteins. When plant and 
animal proteins decay, other nitro- 
gen compounds form. Ammonia, a 
compound of nitrogen and hydro- 
gen, is one of the odours easily rec- 
ognized around manure piles. Am- 
monia gas enters the atmosphere 
from decaying matter, but much of 
the gas dissolves in rainwater and 
washes into the soil. 


Composition of Air 







78% Nitrogen 





Other Gases. The atmosphere 
contains only a small amount of car- 
bon dioxide, much less than 1%, 
Nevertheless, this tiny amount is of 
great importance to the living things 
of the world because it is used by 
green plants in the manufacture of 
their food supply. 

About 1% of the atmosphere is 
made up of argon. The atmosphere 
also contains tiny amounts of neon, 


helium, and other rare gases. He- 
lium, argon, and neon are not chem- 
ically active. For this reason, argon 
is used in incandescent electric 
lamps so that the filaments cannot 
oxidize at high temperatures. 

The atmosphere may contain 
traces of other gases which are given 
off by burning and other chemical 
processes, These gases are usually 
active chemically and soon unite 
with other substances. 

Electrical Excitation. Gases ex- 
posed to high voltages change elec- 
trical energy to light and produce a 
glow. Each type of gas glows with 
its own special colour. The red- 
orange glow of neon is probably the 
most familiar because this gas is used 
in so many advertising signs. 

Argon glows with a deep violet 
light which contains much _ultra- 
violet radiation. Special argon glow 
lamps are used as a source of ultra- 
violet light for studying fluorescent 
minerals. 

Nitrogen glows with a light blue 
colour. Electric sparks in air show 
this colour. The colour of lightning 
is due chiefly to nitrogen. 
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DUST 


IN THE 


ATMOSPHERE 


The atmosphere contains an astonishing amount of dust. For exam- 
ple, a cubic inch of classroom air may contain 50 million (50,000,000) 
bits of solid material. The total weight of all this dust is small, but be- 
cause of their great numbers, the particles play an important part in 


many earth processes. 
without dust. 


Dust and Sky Colour. The pic- 
ture at the beginning of this chapter 
shows an almost black sky overhead. 
The familiar blue appears only be- 
low the level of the airplane. This 
is because the airplane is above the 
part of the atmosphere that con- 
tains dust and moisture. 

Dust scatters light. For example, 
sunbeams can be seen when sun- 
light is scattered (reflected) from 
dust particles in the air. Blue light 
is scattered more than red light. 
Thus, a dusty atmosphere tends to 
separate the colours of light passing 
through it. 

The daytime sky appears blue be- 
cause the blue part of sunlight 
reaches our eyes after having been 
scattered by dust in the atmosphere. 
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Our world would be a much different place 


Red and orange light, on the other 
hand, pass directly through the at- 
mosphere with little scattering. The 
sun seems to have a red-orange col- 
our especially at sunrise and sunset 
when light travels a longer path 
through the atmosphere. 








Sources of Dust. The pictures on 
these pages suggest some of the 
many sources of dust found in the 
atmosphere. Tons of soil and sand 
may be blown from ploughed fields 
and from deserts during a strong 
wind storm. A single volcanic ex- 
plosion may blast thousands of tons 
of powdered rock into the air. Dust 
from a volcanic explosion may re- 
main in the atmosphere for more 
than a year. 

The ocean also adds large quanti- 
ties of salt particles to the atmos- 


Spray is whipped upward, 
water evaporates from the solution, 
and bits of salt remain to be carried 
away by the wind. 

Fires of all kinds add particles in 


phere. 


the form of soot. These particles 
may be of pure carbon but usually 
they contain some other chemicals 
as well. 

Plants add countless billions of 
spores and pollen grains to the air’s 
load of dust. Some of these cause 
great discomfort to people who suf- 
fer from hay fever. 
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Dust from Outer Space. It is be- 
lieved that the earth collects several 
tons of dust from outer space each 
day. Particles that pass near the 
earth are attracted to it and fall into 
the atmosphere. Where these par- 
ticles come from is not known but 
it is suspected that they may have 
been parts of comets. 

Some particles may fall fast 
enough to be heated white-hot by 
the friction between them and the 
air. These glowing particles are 
called meteors. 

Radioactive Dust. In recent years 
many tons of dust have been forced 
into the atmosphere by the explo- 
sions of nuclear bombs. Much of 
this dust is radioactive, that is, it 
contains atoms which break up by 
themselves, giving off simpler par- 
ticles and a good deal of energy. 

The photograph at the right shows 
some dust collected from the at- 
mosphere. Some of the particles 
are not radioactive and did not 
change while in contact with the 





photographic film. Other particles 
shot out electrons and other parts 
of atoms into the film, producing 
changes in chemicals of the film. 

Radioactive materials can be 
harmful. The particles which shoot 
outward may damage important 
molecules that make up living things. 
Continued exposure may result in 
severe injury or even death. 

Fortunately, most of the radioac- 
tive materials from a bomb break 
up within a few minutes. However, 
there are a few longer-lasting types 
that are taken into the body with 
food and water. These types be- 
come part of the skeleton. 








WATER 


IN THE ATMOSPHERE 


The atmosphere holds an enormous amount of water in the form of 
vapour. The condensation of some of this vapour during a single sum- 
mer storm may produce an inch of rainfall over several thousand square 
miles. To gain an idea of this much water, measure off a square 130 
feet ona side. Imagine that this is the base of a tank 130 feet high. An 
inch of rainfall on a single square mile would be sufficient to fill this 


tank to overflowing. 


Rate of Evaporation. Evapora- 
tion is a heat-absorbing process 
which tends to cool the surround- 
ings. The more rapid the evapora- 
tion, the greater the cooling effect. 





The rate of evaporation can be 
studied by noting the amount of 
cooling produced during the process. 
Measurements are usually made 
with two thermometers, one to de- 
termine the temperature of the air, 
and one covered with a wet cloth to 
determine the drop in temperature 
caused by evaporation. 

Make a wet-bulb thermometer by 
wrapping the bulb with one end of 
a strip of cotton cloth. Dip the other 
end of the cloth in water. Fan the 
thermometer before taking a read- 
ing. 
Take wet-bulb and dry-bulb read- 
ings in a number of places, such as a 
warm room, a damp basement, a 
sunny field, and a woodland. What 
do the results tell you about the rate 
of evaporation in each place? 
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Evaporation and Climate. Eva- 
poration affects climate strongly by 
cooling moist surfaces. Damp soil 
is usually cooler than dry soil; a 
grass-covered field is usually cooler 
than a bare field. The effect is es- 
pecially noticeable during very hot 
weather when air near a lake or 
river is several degrees cooler than 
air a few thousand feet away. 

Saturation. A mass of air may 
contain so much water vapour that 
evaporation seems to stop. For each 
molecule of water that enters the 
air, another is forced out and the to- 
tal remains the same. Such air is 
said to be saturated. 

Air within a closed jar which con- 
tains a little water is soon saturated. 
Air in holes in the ground, in for- 
ests, and near bodies of water is 
saturated or nearly saturated much 
of the time. 

How do the readings of wet- and 
dry-bulb thermometers compare in 
saturated air? Why do we feel hot- 
ter in saturated air than in dry air 
at the same temperature? 

Temperature and Saturation. Test 
the effect of temperature on satura- 
tion, using strips of cobalt chloride 
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paper (see Appendix). This paper 
absorbs water from moist air, turn- 
ing pink as it does so. It gives off 
moisture to dry air and becomes blue 
again. 

Breathe into a bottle a few times 


to moisten the air inside. Hang a 
strip of cobalt chloride paper in the 
bottle as shown here, closing the 
bottle with a rubber stopper. Set 
the bottle in very hot water for a 
few minutes and note the colour of 
the paper. Then set the bottle in 
very cold water and note the colour 
of the paper. 

How does temperature affect the 
degree of saturation of the air? 


Cobalt chloride paper 
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The Saturation Curve. The 
weight of water vapour in saturated 
air has been carefully measured for 
different temperatures. The results 
are given in this graph as ounces of 
water per 1,000 cubic feet of air. 
How big is 1,000 cubic feet? 

How much water can each 1,000 
cubic feet of air in your classroom 
contain at its present temperature? 
Measure the volume of the room to 
the nearest 1,000 cubic feet and cal- 
culate the total amount of water va- 
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pour the room can hold. Weigh out 
this amount of water. 

Calculate the amount of water va- 
pour the classroom can contain at 
other temperatures. Prepare an ex- 
hibit of bottles containing these 
amounts of water. 

‘Relative Humidity. Air is not 
always saturated. Often it contains 
less water vapour than it can hold. 

Suppose the air in your classroom 
is at 80°F. The saturation curve 
shows that air at this temperature 
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can hold 24 ounces of water per 
1,000 cubic feet. However, suppose 
that the air actually contains only 
12 ounces of water per 1,000 cubic 
feet. This air is 50% saturated. 

Such air is often described as hav- 
ing a relative humidity of 50%. 
Completely saturated air has a rela- 
tive humidity of 100%. What is the 
relative humidity of air that con- 
tains 4 ounces of water vapour when 
it can hold 16 ounces? 

Hygrometers. Relative humidity 
is determined by instruments called 
hygrometers. The most common 
type of hygrometer makes use of 
wet- and dry-bulb thermometers. 

The two thermometers read the 
same when the air is completely 


saturated because water evaporates 
and condenses at the same rate; 
thus there is no water loss and no 
cooling. The difference increases as 
the air becomes drier and evapora- 
tion speeds up. 

Values of relative humidity are 
calculated from the table below. 
Suppose that the dry-bulb_ ther- 
mometer reads 70°F and the other 
reads 56°F. The difference between 
the two readings is 14°F. The table 
shows that the relative humidity is 
40%. The air contains two-fifths of 
the moisture it can hold at 70°F. 

Find the relative humidity of your 
classroom. Measure out the water 
which the air can hold and the water 


which it actually holds. 


TABLE OF RELATIVE HUMIDITY IN PER CENT 








Difference between Dry-Bulb and Wet-Bulb Thermometers 



















































































ae eo som eee Go dree go 4g? (ero? 11> 42° 143° | 14° | 15° | 16° | T 
60 | 94 | 89 | 84 | 78 | 73 | 68 | 63 | 58 | 53 | 48 | 44 | 39 | 34 | 30 | 26 | 22 | 60 
62 | 95 | 89 | 84 | 79 | 74 | 69 | 64/59 | 54] 50 | 45 | 41 | 37 | 32 | 28 | 24 | 62 
64 | 95 | 90 | 85 | 79 | 74 | 70 | 65 | 60 | 56 | 51 | 47 | 43 | 38 | 34 | 30 | 27 | 64 
66 | 95 | 90 | 85 | 80 | 75 | 71 | 66 | 61 | 57 | 53 | 49 | 45 | 40 | 36 | 32 | 29 | 66 
68 | 95 | 90 | 85 | 81 | 76 | 71 | 67 | 63 | 58 | 54 | 50 | 46 | 42 | 38 | 34 | 31 | 68 
79 | 95 | 90 | 86 | 81 | 77 | 72 | 68 | 64 | 60 | 55 | 52 | 48 | 44 | 40 | 36 | 33 | 70 
71 | 95 | 91 | 86 | 81 | 77 | 72 | 68 | 64 | 60 | 56 | 52 | 48 | 45 | 41 | 37 | 34 | 71 
72 | 95 | 91 | 86 | 82 | 77 | 73 | 69 | 65 | 61 | 57 | 53 | 49 | 45 | 42 | 38 | 35 | 72 
73 | 95 | 91 | 86 | 82 | 78 | 73 | 69 | 65 | 61 | 57 | 53 | 50 | 46 | 42 | 39 | 35 | 73 
74 | 95 | 91 | 86 | 82 | 78 | 74| 70 | 66 | 62 | 58 | 54 | 50 | 47 | 43 | 40 | 36 | 74 
75 | 95 | 91 | 87 | 82 | 78 | 74| 70 | 66 | 62 | 58 | 55 | 51 | 47 | 44 | 40 | 37 | 75 
76 | 95 | 91 | 87 | 82 | 78 | 74| 70 | 66 | 63 | 59 | 55 | 52 | 48 | 45 | 41 | 38 | 76 
77 95 | 91 | 87 | 83 | 78-| 74 | 71 | 67 | 63 | 59 | 56 | 52 | 49 | 45 | 42 | 39 | 77 
78 | 96 | 91 | 87 | 83 | 79 | 75 | 71 | 67 | 63 | 60 | 56 | 53 | 49 | 46 | 43 | 39 | 78 
79 | 96 | 91 | 87 | 83 | 79 | 75 | 71 | 68 | 64 | 60 | 57 | 53 | 50 | 47 | 43 | 40 | 79 
80 | 96 | 91 | 87 | 83 | 79 | 75 | 72 | 68 | 64 | 61 | 57 | 54 | 50 | 47 | 44 | 41 | 80 
81 | 96 | 92 | 88 | 84 80 | 76 | 72 | 69 | 65 | 61 | 58 | 55 | 51 | 48 | 45 | 42 | 81 
82 | 96 | 92 | 88 | 84 80 | 76 | 72 | 69 | 65 | 61 | 58 | 55 | 51 | 48 | 45 | 42 | 82 
83 | 96 | 92 | 88 | 84 | 80 | 76 | 73 | 69 | 66 | 62 | 59 | 56 | 52 | 49 | 46 | 43 | 83 
84 | 96 | 92 | 88 | 84 | 80 | 76 | 73 | 69 | 66 | 62 | 59 | 56 | 52 | 49 | 46 | 43 | 84 
85 | 96 | 92 | 88 | 84 | 81 | 77 | 73 | 70 | 66 | 63 | 60 | 57 | 53 | 50 | 47 | 44 | 85 
86 | 96 | 92 | 88 | 84 81 | 77 | 73 | 70 | 66 | 63 | 60 | 57 | 53 | 50 | 47 | 44 | 86 
87 | 96 | 92 |-88.| 85 | 81-1 77 | 74 | 70 | 67 | 64 | 61 | 57 | 54 | 51 | 48 | 45 | 87 
88 | 96 | 92 | 88 | 85 | 81 | 77 | 74 | 70 | 67 | 64 | 61 | 57 | 54 | 51 | 48 | 46 | 88 
89 | 96 | 92 | 88 | 85 | 81 | 78 | 74| 71 | 68 | 65 | 61 | 58 | 55 | 52 | 49 | 47 | 89 
90 | 96 | 92 | 89 | 85 | 82 | 78 | 74| 71 | 68 | 65 | 61 | 58 | 55 | 52 | 49 | 47 | 90 
92 | 96 | 92 | 89 | 85 | 82 | 78 | 75 | 72 | 68 | 65 | 62 | 59 | 56 | 53 | 50 | 48 | 92 
94 | 96 | 93 | 89 | 85 | 82 | 79 | 75 | 72 | 69 | 66 | 63 | 60 | 57 | 54 |] 51 | 49 | 94 
96 | 96 | 93 | 89. | 86 | 82 | 79 | 76 | 73 | 69 | 66 | 63 | 61 | 58 | 55 | 52 | 50 | 96 
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The Dew Point. The saturation 
curve shows that cool air can 
hold less water vapour than warm 
air. Therefore, if a mass of unsat- 
urated air is cooled enough, it be- 
comes saturated. If cooled _ still 
further, moisture may condense out 
as dew or fog. The temperature at 
which condensation begins is called 
the dew point. 

Suppose that a mass of air at 96°F 
contains 20 ounces of water vapour 
per 1,000 cubic feet. Refer back to 





Thermometer 


Stirring rod *%4 


Oy 
PN ae Seg 
yok Pix 






>Cracked ice 


the saturation curve to find out 
whether the air is saturated or un- 


saturated. To what temperature can 
the air be cooled before moisture 
begins to condense? What is the 
dew point of the air? 

Measuring Dew Point. Set a ther- 
mometer into a shiny can half-full 
of water. Add small amounts of ice 
a few pieces at a time, stirring the 
mixture to cool the water evenly. 

Watch the outside of the can. 
When the metal shows a slight misti- 
ness, note the temperature of the 
water. This temperature is the dew 
point of the air around the can. 

The dew point of very dry air may 
be below freezing. If dew does not 
form on the can when the water in- 
side is at 32°F, add salt to the ice- 
water mixture. The temperature of 
the mixture can be lowered several 
degrees in this way. 

Find the dew point of the air in 
several places, such as the classroom, 
a damp basement, near a sunny wall, 
and in a hole in the ground. 
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Dew. A pitcher of ice water cools 
the surrounding air by conduction. 
If the air is chilled below its dew 
point, water vapour condenses on the 
outside of the pitcher as dew. Why 
do ice water pitchers usually collect 
more dew in summer than winter? 

Dew collects on other cold objects 
in the same manner—on bottles 
taken from a refrigerator, on win- 
dows during cold weather, and on 
cold water pipes. Discuss other 
situations in which you have seen 
dew form and the conditions that 
made condensation possible. 

Dew forms outdoors on objects 
that are cool. Cooling is most rapid 
on clear nights. Roofs, automobiles, 
rocks, and leaves become cold, thus 
chilling the surrounding air. If the 
temperature of the air drops below 
the dew point, water condenses on 
the cool surfaces. 

Frost. The dew point of the air 
may be below freezing. Then, if 
the air is chilled enough, water con- 
denses out in the solid state rather 
than in the liquid state. The result 
is frost. 





Frost is not frozen dew as many 
people believe. Frozen dew collects 
first as drops of water which later 
cool below the freezing point. 
Frost, on the other hand, forms only 
below the freezing temperature. 

Water molecules leaving the air in 
the solid state collect in patterns be- 
cause forces between the molecules 
are stronger in some directions than 
in others. Thus, frost grows mole- 
cule by molecule, producing deli- 
cate designs of beauty. 
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Filla bottle with hot 
water and let it stand 
for two minutes. 





Pour out most 
of the water 


A Fog ina Bottle. A fogisa cloud 
of tiny drops of water which has 
condensed on dust particles in the 
atmosphere. Produce a fog in a bot- 
tle by the method shown _ here. 
What is the source of the moisture 
in the air? Is the air in the bottle 
very dry or nearly saturated? What 
cools the air below its dew point? 

Find out whether the presence of 
dust affects the condensation of mois- 
ture. Repeat the above experiment 








Put an ice cube on 
top of the bottle. — 


after holding a lighted splint in the 
bottle. What kind of dust is added 
by the flame? What effect does the 
dust have? 

Radiation Fogs. The earth’s sur- 
face radiates heat into space on clear 
nights. The overlying air is then 
cooled to the temperature of the 
earth by conduction and settles into 
hollows. A fog may form in this 
cool air. Such a fog is called a radia- 
tion fog. 
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Study the diagram above. Ex- 
plain why the cold air settles. Why 
does smoke tend to rise to a certain 
level and then spread out? Why 
are radiation fogs more common in 
early autumn than during other sea- 
sons? Why are there no radiation 
fogs on windy nights? 

Advection Fogs. A mass of moist 
air may be chilled below its dew 
point when blown across a cold sur- 
face. The fog formed under these 


Advection fog 
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conditions is called an advection 
fog. Explain the cause of the fog on 
the top of the mountain in the pic- 
ture below. 

During winter, advection fogs 
are common where masses of moist 
air from warm bodies of water are 
blown across cold land surfaces. In 
summer, advection fogs are com- 
mon where masses of moist air are 
blown across cold ocean currents, 
such as the Labrador Current. 










Moisten the inside 
of a jug with water. 


Hold a lighted match in 
the mouth of a glass jug. | 


Making a Cloud. A sudden in- 
crease in air pressure raises the tem- 
perature of the air. A sudden de- 
crease in pressure lowers the 
temperature. 

Moisten the inside of a glass jug 
with water. Hold a lighted match 
in the jug to add dust particles. 
Then place the mouth of the jug 
against your lips and force air into 
the jug. Release the pressure sud- 


denly. 











Blow into the jug 
several times. 


Release the pressure 
suddenly. 





Repeat the process of increasing 
and decreasing the pressure several 
times. Describe what happens as 
the pressure is increased and what 
happens as the pressure is decreased, 
Explain the effects in terms of chang- 
ing temperatures. 

Hygroscopic Dust. Some sub- 
stances attract moisture more strong- 
ly than others. Such substances are 
called hygroscopic or “water-seek- 
ing.” 

Clouds and fog may form on hy- 
groscopic dust particles even when 
the humidity is less than 100%. 
Therefore, such particles are im- 
portant in causing weather changes. 

Test different kinds of dust in the 
jug used for the above experiment. 
Try several kinds of smoke, chalk 
dust, fine soil, and the like. Add 
salt particles by heating salt in a 
metal can lid as shown at the left. 
Be sure to completely change the air 
in the jug between each trial. Which 
kinds of dust produce the thickest 
clouds? 
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How a Cloud Is Formed. A cloud 
is formed in a rising mass of air. 
The air mass expands as it moves up- 
ward into regions of lower pressure, 
its pressure decreases, and its tem- 
perature drops. 

If the temperature drops to the 
dew point of the air, moisture begins 
to condense out on dust particles. 
The bottom of a cloud marks the 
level at which the dew point of the 
air is reached. 

The air continues to rise and cool. 
Additional moisture condenses out 
and produces the upper portion of 
the cloud. Very moist air may pro- 
duce a cloud thousands of feet thick. 

Shapes of Clouds. The shape of a 
cloud depends chiefly upon the di- 
rection in which an air mass is mov- 
ing. The picture above shows a 
cloud formed in a mass that is mov- 
ing almost straight up. Such a cloud 
is called a cumulus cloud. 

A warm air mass may slide up- 
ward over a colder mass much as it 


Cirrus 








' Stratus 
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Rising saturated air with 
condensation taking place 
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may slide up a slanting roof. Clouds 
formed in such a sliding mass are 
usually spread out over large areas. 
The higher clouds tend to be thin- 
ner than the lower clouds. 








Rain. Rain is commonly ex- 
plained as being formed when drops 
of water in a cloud grow large 
enough to fall. Such an explana- 
tion is greatly oversimplified; the 
process of rainmaking is but poorly 
understood. 

Few scientists today believe that 
drops of water in a cloud grow larg- 
er by taking additional water vapour 
from the air. Nevertheless, none of 
the other theories has as yet been 
proven. 

One popular theory suggests that 
raindrops begin as ice crystals which 
form in the tops of very tall clouds 


OVERSIMPLIFICATIONS. 


like the one shown above. These 
crystals can then cool air if blown 
downward into moister regions, add- 
ing water by condensation until 
large enough to fall as snow or rain. 
There is considerable evidence that 
rain is sometimes produced in this 
way. 

However, recent studies have 
shown that rain may fall from clouds 
that are completely warmer than 
32°F. New theories now suggest 
that large drops may collect small 
drops by bumping into them. This 
process has not yet been observed 
in clouds. 


Explanations are commonly oversimpli- 


fied, either because of ignorance or because of a desire to prevent confu- 
sion. However, an oversimplified explanation is not scientifically hon- 


est. It may suggest that a certain problem was easily solved or it may 
conceal a problem that is as yet unsolved. It is well not to accept com- 
pletely any explanations for which supporting evidence is not pre- 
sented. 
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DENSITY AND PRESSURE 


Air has weight; in other words, it is pulled toward the centre of the 
earth by gravity. Therefore, the air near the earth is under pressure 
because of the weight of the air above it. 

Air is also elastic. The portion of the atmosphere near the earth’s 
surface is squeezed together because it is under pressure; this air is 
more dense than the air at high altitudes. If we could see particles of 
air, we would find them closer together at sea level than on a mountain 


top. 


Measuring Density. Fill a foot- 
ball or a basketball with air until 
the ball is hard. Weigh the ball as 
accurately as possible. Collect the 
air from the ball as shown in the il- 
lustration below at the right and 
measure the volume of the air to the 
nearest quart. Then weigh the 
empty ball. 

Calculate first the weight of the 
air in the ball. Then calculate the 
weight of a quart of this air. From 
this figure, determine the weight of 
one gallon of the air and then the 
weight of a cubic foot of the air. 
(There are about 6% gallons in a 
cubic foot. ) 
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Coimpare the result with the den- 
sity of air as given in an encyclo- 
pedia. Why are there differences 
between the two figures? 

What is the weight of the air in 
your classroom? 






































Measuring Atmospheric Pressure. 
Atmospheric pressure is measured 
with a device called a barometer. 
One type of barometer consists of a 
glass tube, 36 inches long, filled with 
mercury. The tube is placed upside 
down with the open end in a dish of 
mercury as shown here. 
Atmospheric pressure cannot hold 
up a mercury column 36 inches high. 
Therefore, some of the mercury runs 
from the tube leaving a_ partial 
vacuum in the top of the tube. 

Set up the apparatus as shown 
below. Measure the height of the 
mercury column held up by the pres- 
sure of the air in your classroom. 
Measure from the top of the mercury 
in the dish to the top of the mercury 


in the tube. 
How is the height affected if a 


little air or water vapour is present in 
the top of the tube? 

A pressure of about one-half 
pound per square inch (.49 lb. per 
sq. in.) can hold up one inch of 
mercury. What is the pressure in 
your classroom? 






Barometer tube 


Mercury |). 
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Aneroid Barometers. Mercury 
barometers are used for accurate 
measurements but they are not easily 
carried about. Therefore, barome- 
ters which contain no liquids have 
been invented. Such barometers 
are called aneroid barometers. A 
common form is pictured above to- 
gether with a view of the inside. 

An aneroid barometer contains a 
small can A from which as much air 
as possible has been removed. A 
strong spring E keeps the can from 
being crushed. An increase in at- 
mospheric pressure squeezes the 
sides of the can together, moving 
the lever D and pulling on the 
chain C. The chain turns the 
axle B to which the hand of the ba- 
rometer ‘is attached. 

Examine an aneroid barometer to 
find the parts described. Keep a 
record of daily changes in the barom- 
eter readings. 

Elevation and Pressure. The de- 
vice shown here is a very sensi- 
tive barometer that indicates tiny 
changes in atmospheric pressure. 
Set up the device as pictured or use 
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a thermos in place of the bottle to 
reduce the effect of temperature 
changes. Explain why a change in 
atmospheric pressure makes the drop 
of liquid move. 

What is the effect of lifting the 
barometer from the floor to a desk 
top? From the floor to the top of a 
step ladder? From the bottom of 
a stairway to the top? 

Explain why the water drop 
moves, speaking in terms of the air 
pressure inside and outside the ba- 
rometer. 





Pressure 


5 inches 
2 Ibs per sq. in. 





15 inches 


72 |bs. per sq. in. 





Altitude 
Feet 


40,000 


35;000 ses 


Pressures at High Altitudes. The 
decrease in atmospheric pressure 
shown by a sensitive barometer be- 
ing carried up a flight of stairs con- 
tinues during higher ascents. At 
18,000 feet, a mercury column in a 
barometer stands at about 15 inches, 
half the normal reading at sea level. 
At 20 miles, the atmosphere holds 
up less than half an inch of mer- 

cury. At 50 miles, the weight of 
the overlying air is too small to af- 
fect an ordinary barometer. 

The balloon shown on the oppo- 
site page is only partly filled with 
gas but it is ready to ascend. The 
gas in the balloon will expand in 
regions of lower pressure. At 
18,000 feet, the volume of the gas 
will have doubled: at 40,000 feet it 
will have expanded six times. What 
would happen if the balloon were 
full at the start? 

Man at High Altitudes. Many 
people suffer from altitude sickness 
if they ascend several thousand feet 
within a short time. The exact cause 
of the sickness is not known but it 
is probably due to decreased at- 
mospheric pressure. Recovery is 
usually rapid after a few days of 
adjustment to low pressure. 

Above 20,000 feet, people are af- 
fected by a different condition—lack 
of oxygen. This problem will be dis- 
cussed later in the chapter. 

At pressures above 30,000 feet, 
gases dissolved in the blood come 
out of solution and form bubbles. 
These bubbles may cut off the flow 
of blood in the blood vessels, caus- 
ing great pain, unconsciousness, and 
even death. Pressurized cabins or 
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pressurized suits are needed to main- 
tain suitable conditions around the 
body:at such altitudes. 

Altitude and Density. A person 
who stands at the top of an 18,000- 
foot peak has one-half of the earth’s 
atmosphere below him. Each cubic 
foot of the air about him weighs half 
as much as at sea level. He takes in 
only half as much air with each 
breath. An “empty” bottle contains 
half as many molecules of air. 

Airplanes are affected in two ways 
by the decreased density at high al- 
titudes. They meet less air resist- 
ance and, therefore, forward mo- 
tion is easier. On the other hand, 
there is less air to provide an up- 
ward force on the wings. They must 
go very fast to maintain altitude. 
Therefore, ordinary commercial 
planes do not usually fly above 
40,000 feet. 

Rockets, however, do not depend 
upon the atmosphere for lift. High 
altitude travel is an advantage be- 
cause air resistance is low. 

The Oxygen Supply. At high alti- 
tudes, each cubic foot of space con- 
tains less air and, therefore, less oxy- 





Sea level 6,000 ft. 12,000 ft. 


Burning candles at different altitudes 


{ 
fo. A ~ 


pT 


18,000 ft. 24,000 ft. 


gen. However, the percentage com- 
position remains about the same. 

The picture above shows candle 
flames at different altitudes. The 
rate at which oxygen is supplied to 
a flame decreases as the density of 
the air decreases. The chemical re- 
action slows down and less heat is 
produced. At 25,000 feet, the reac- 
tion is too slow to maintain a flame. 

Explain why life above 20,000 feet 
is difficult. Why were oxygen masks 
used during the conquest of Mt. 
Everest? 
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Temperatures in the Atmosphere. 
The graph at the right gives tem- 
peratures of the atmosphere at dif- 
ferent altitudes. The red line shows 
atmospheric temperatures above a 
position where the ground level 
temperature is 60°F. The blue line 
shows temperatures above a posi- 
tion where the ground level tempera- 
ture is O°F. 

According to the graph, what is 
the lowest temperature a pilot can 
expect to find in the upper atmos- 
phere? At what levels may he find 
this temperature? What is the aver- 
age loss in temperature per 10,000 
feet of altitude along the red line? 
Along the blue line? 

The Tropopause. The altitude at 
which the air temperature stops 
changing is used to divide the lower 
atmosphere into two layers, the 
troposphere and the stratosphere. 
The boundary between the two lay- 
ers is called the tropopause. 

The graph shows that the tropo- 
pause occurs at about 35,000 feet 
above the ground if the ground level 
temperature is 60°F. What is the 
altitude of the tropopause if the 
ground level temperature is colder? 


- January 
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Where would you predict the 
tropopause would be lower—near the 
equator or near the poles? Is the 
tropopause at a lower altitude in the 
summer or the winter at your lo- 
cation? Use the diagrams below to 
check your answers. 

The Upper Atmosphere. The pic- 
ture on the opposite page describes 
some of the conditions in the upper 
atmosphere. What is the highest 
level at which clouds are found? In 
which region do most meteors burn? 
Where is ozone plentiful? At what 
level does the stratosphere blend into 
the ionosphere? In which region 
are the Northern Lights produced? 








The Troposphere. The lower re- 
gion of the atmosphere receives most 
of its heat from the sun-warmed 
earth. Air touching the surface is 
warmed by conduction. It expands 
and rises by convection. As this air 
rises, it loses heat by radiation, grad- 
ually cools, and finally settles back 
to earth again. 

The level at which upward circu- 
lation ends represents the imaginary 
boundary between the troposphere 
and the stratosphere. Thus, the 
troposphere is a region of weather, 
with rising air currents, condensa- 
tion, clouds, rain, and snow. 

Explain in terms of convection 
currents why the tropopause may be 
at different altitudes, depending 
upon season and latitude. 

The Stratosphere. The strato- 
sphere lies above the region of con- 
vection. There are no clouds, pre- 
cipitation, or storms. ‘Temperatures 
remain uniformly low. There are 
strong winds, called jet streams, but 
these blow steadily over large areas 
and are difficult to compare with 
familiar winds of the troposphere. 

Discuss the advantages and dis- 
advantages of air travel within the 
stratosphere as compared with the 
troposphere. Study again the pic- 
ture at the beginning of this chapter 
and discuss the conditions that can 


be seen in the photograph. 


Conditions in the upper stratosphere, 
where balloons cannot go, are ex- 
plored by rockets carrying weather 
instruments. Parachutes lower the 
instruments back to earth. 
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The Ozone Layer. The upper part 
of the stratosphere contains much 
ozone.‘ It has been believed for a 
number of years that ultraviolet 
radiation from the sun produces 
ozone by breaking up oxygen mole- 
cules which reunite as ozone. Ac- 
cording to this theory, most of the 
ultraviolet radiation is absorbed and 
does not reach the earth’s surface. 

Recent explorations with rockets 
have shown that sunlight in space 
does not contain as much ultraviolet 
as expected. Theories about the 
ozone layer may be changed in light 
of this new information. 

The Ionosphere. The ionosphere 
is so named because many of the 
widely separated particles in this re- 
gion have gained or lost electrons, 
thus becoming ions. Some of the 
ions may be produced by ultraviolet 
and X-ray type radiations in sun- 
light which can force atoms to give 
up electrons. Other ions may be 
produced by the bombardment of 
the atmosphere by charged particles 
emitted by the sun in solar flares as 
shown below. 





Layers of ions affect short-wave 
radio reflection. At night, the waves 
are reflected from a very high layer 
as shown above and can be picked 
up far from the sending station. 
During the daytime, however, sun- 
light produces a low layer of ions; 
this layer absorbs the energy of the 
waves and prevents their reflection. 
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Experimental Research 


Make a series of colour photographs of the 
sky just after sundown for two or more weeks. 
Study daily weather maps and try to explain 
the differences in the photographs. 

Set up a mercury barometer inside a large 
bottle that is closed with a two-hole stopper. 
Change the pressure inside the bottle and 
study the changes in the column of mercury. 
Find out how much air can be removed with 
a vacuum pump. 

Produce ozone with a “sterilamp” connecting 
the lamp to a toy transformer and enclosing 
the lamp in a bottle. ( CAUTION: Do not 
look directly at the lamp because it gives off 
ultraviolet light.) Test the effect of the 
ozone on a culture of bacteria. 

Produce ozone as described in Number 3 and 
test its effect on the odour of onion which has 
been rubbed on glass. 

Make a wet-bulb and dry-bulb hygrometer 
like that shown at the left and measure the 
relative humidity of the air in one place at 
the same time each day for two weeks or 
more. Relate your findings to weather 
changes. 
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Measure the dew point of the air in one place 
at hourly intervals throughout a full day. 
Make a graph showing the results. 


. Using a hygrometer, make a study of the 


changes in humidity caused by such dehy- 
drating agents as calcium chloride or a de- 
humidifier. 

Test the effect of humidity on hairs of differ- 
ent colours, size, and types (human or horse) 
as shown here. Remove grease from each 
hair with a strong soap solution. 

Try to produce snow in a deep freezer as 
shown below. Breathe in the freezer to satu- 
rate the air and then shave tiny particles of 
dry ice into the cloud thus formed. (CAU- 
TION: Do not touch dry ice.) 

Measure the water that falls in a straight- 
sided can during a single rain storm. Calcu- 
late the water that fell on a square mile. 
Collect a large quantity of snow, melt it, and 
filter out the dust. Study the dust with a 
microscope, a strong magnet, and a Geiger 
counter: 


2. Leave a large, open jar outdoors on a cold, 


damp day until a hygrometer reads the same 
inside as outside. Then cover the jar, bring 
it into a warm room, and note the change in 
the hygrometer inside the jar. 

In very cold weather, weigh a large pan of 
snow, leave it exposed for 24 hours, and then 
reweigh it. Calculate the amount of water 
that changed directly from the solid state to 
a vapour (sublimated). 

Carry a barometer in a car that is climbing 
a high mountain. Stop at several points and 
read the barometer at each stop. What do 
you conclude? 

On a clear, windless night, take temperature 
readings at several levels from the bottom of 
a valley to the top of a hill. 

Cover a shallow plate with a thin layer of 
dessert gelatin. Expose the plate to the air 
for a day to collect dust and then examine 
the surface with a microscope. Look for 
grains of pollen, such as those that come from 
ragweed. Repeat the study at different times 
of the day and at different seasons. 


45 


Hair shri 


nks 








Pin 









Hair glued to pin 
Hygrometer | 


| rl 
| fe Si Hair glued to pointer 


Gut string 





Toothpick —<——- 





Other Investigations and Projects 


Prepare a report on high altitude flights by 
airplanes. Illustrate your report with pic- 
tures and charts. 

Make a chart that shows pressures and tem- 
peratures of the atmosphere at different alti- 
tudes. 


. Ask a short-wave radio “ham” to explain the 


reasons for differences in reception from dis- 
tant stations. 

Make a hair hygrometer. It is well to re- 
move grease from the hair with strong soap 
or a weak lye solution. To mark the scale, 
compare the hair hygrometer with a wet- 


bulb and dry-bulb hygrometer. 


_ Read about the uses of ozone and the meth- 


ods by which it is prepared commercially. 
Make a circle graph showing the composition 
of dry air. 

Prepare a bulletin board exhibit of pictures 
which show some of the more important 
sources of dust in the atmosphere. 

Make a hygrometer using a gut violin string. 
Demonstrate the effect of pressure on a bal- 
loon. Put a partly inflated balloon under a 
bell jar and pump out as much air as possible. 
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Read about the methods by which Blaise 
Pascal investigated the pressure of the atmos- 
phere, using the newly invented barometer. 
Collect pictures that show different forms of 
precipitation, such as sleet, snow, dew, and 
ice storms. 

Procure a sheet of wrapping paper at least 
20 feet long. Let this represent a section 
through the earth and its atmosphere. Draw 
mountains, oceans, and the layers of the 
atmosphere to their proper scale at each end 
of the strip of paper. 

Investigate the attempts to produce rain by 
seeding the clouds with dry ice and other 
chemicals. 

Prepare a report on hail, describing it and 
the manner of its formation. 

Make a chart of the atmosphere that shows 
the levels at which commercial airplanes fly, 
altitude records by airplanes and balloons, 
and the orbits of a number of satellites. 

Ask an airplane pilot to explain what the 
shapes of clouds tell him about conditions in 
the atmosphere. 

Prepare a report on studies of the strato- 
sphere made through the use of balloons and 
rockets. 

Describe the conquest of some of the higher 
mountains, mentioning the atmospheric diffi- 
culties encountered and the methods used to 
overcome these difficulties. 


47 















=" 


ice) 


12. 


13. 


14. 


15. 


Review Questions 


. What conditions cause a low fog? 
. What conditions might cause a fog on a 


mountain top? 


. Why is the sky usually blue? 
. Why is the sky often red at sunrise and sun- 


set? 


. What is the purpose of the instrument at the 


left? 


. How does this instrument change when car- 


ried up a mountain? 


. What are the four most plentiful gases in the 


atmosphere? 


. What is meant when we say that the relative 


humidity is 50%? 


. What is ozone? 
. What are five sources of dust in the atmos- 


phere? 


. What is normal atmospheric pressure at sea 


level in (a) pounds ‘per square inch, and 
(b) inches of mercury? 

What is the boundary between the tropo- 
sphere and the stratosphere? 

Why is half of the earth’s air concentrated 
in the lower 34 miles of the atmosphere? 
What is hygroscopic dust and why is it im- 
portant? 

What is the ionosphere? 


Thought Questions 


. Why does the dew point change from day 


to day? 


. What is the air pressure in pounds per square 


inch on a mountain where a barometer reads 
20 inches of mercury? 


. Why are most satellites orbited at altitudes 


greater than 300 miles? 


. What causes the difference in the pipes 


shown at the left? 


. Why do eyeglasses often fog over in winter 


weather? 


. Why do artists show a black sky in paintings 


of the moon’s landscape? 
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Weather and Its Causes 


Nearly everyone pays attention to the weather, especially people who 
spend much time outdoors. Farmers, hunters, and other outdoorsmen 
soon realize that weather changes often give advance warning. Outdoors- 
men learn to make weather predictions that are surprisingly accurate even 
though they are not scientific. 

Scientific weather forecasters, called meteorologists, use many of the 
same signs outdoorsmen use, but with an understanding of the reasons 
why these signs foretell weather changes. Meteorologists also under- 
stand some of the causes for changes, and the accuracy of their forecasts 
is constantly improving. Much remains to be learned. 
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ENERGY FROM SUNLIGHT 


Our atmosphere circulates constantly, transporting heat and water 
vapour from one place to another, and producing the conditions we call 
weather. All this atmospheric movement requires energy which is pro- 
vided by the sun in the form of radiation, both visible and invisible. 
However, radiant energy cannot directly set air in motion; it must first 


be changed to heat energy in order to produce convection. 


Thus, 


the study of weather begins with the change of radiant energy to heat 


energy. 


Absorption of Radiant Energy. 
Pour water at room temperature 
into a shallow tray. Set the tray 
in sunlight for 10 minutes. Measure 
the temperature change in degrees 


Celsius® (U8 7 1.0 Gs ihen 


measure the volume of the water in 
cubic centimetres (one measuring 





cup contains about 250 cubic centi- 
metres. Calculate the calories ab- 
sorbed by the water (assume that 
one calorie is the amount of heat 
needed to warm one cubic centi- 
metre of water one degree Celsius ). 
Energy Value of Sunlight. Me- 
teorologists estimate that sunlight 
entering the atmosphere can pro- 
vide about two calories per minute 
for each square centimetre of sur- 
face. This value is called the solar 
constant, although it is not exactly 
constant because of sunspots. 
Measure the area of the tray used 
in the last experiment. How much 
heat was absorbed by each square 
centimetre of surface? How much 
heat did each square centimetre ab- 
sorb per minute? 
Radiometers. The radiometer 
shown here is helpful in studies of 
radiation. The device has four 
vanes which rotate in a_ partial 


Revolutions | Per Cent 


Angle 








vacuum. Each vane has a shiny 
side which, reflects radiant energy 
and a black side which absorbs it. 

According to accepted theory, air 
molecules which touch the black 
surfaces absorb heat, speed up, and 
fly away, giving a backward push 
to the vanes. Set a radiometer in 
sunlight. Which way does it re- 
volve? 

Effect of Inclination. Hold a slide 
projector level with a radiometer 
and far enough away so that the 
revolutions of the vanes can be 
counted, Count the revolutions per 
minute. 

Hold the projector so that its rays 
make an angle of 30° as shown 
above. Count the revolutions per 





minute. 


Repeat this method at 
other angles. Why should the dis- 
tance be kept the same in each test? 

Assume that 100% of the energy 
is absorbed by the vanes in the level 
position. Calculate the percentage 
received in the other positions. 
Graph the results. 

Study the diagrams below. Dis- 
cuss the changes in energy received 
by the surfaces during the day and 
during the year. 

What percentage of the solar en- 
ergy arrives at the equator on March 
22? What percentage arrives at 30° 
North, at 60° North, and at the 
North Pole? Estimate the percent- 
age arriving at other times of the 
year, 
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Nature of Solar Radiation. En- 


ergy from the sun includes both vis- 
ible radiation and radiation to which 
our eyes are not sensitive. Visible 
radiation is made up of the colours 
seen in rainbows. 

Paint the bulbs of two thermom- 
eters black. Produce a spectrum 
with a glass prism. Place the bulb 
of one thermometer just beyond the 
red end of the spectrum, and the 
other bulb just beyond the violet 
end. Compare the readings after 
three minutes. Repeat, reversing 
the thermometers. Why? Test 
other regions of the spectrum. 

One theory of radiation suggests 
that energy is transmitted by vibra- 
tions. According to this theory, 
sunlight is made up of vibrations 


Short 


having many wavelengths. Red 
light has a longer wavelength than 
orange light, and orange light has a 
longer wavelength than yellow light. 
The blending of colours in the spec- 
trum indicates that the change in 
wavelength is gradual. 

The invisible part of the spectrum 
just beyond the violet is called the 
ultraviolet. The invisible part just 
beyond the red is called the infra- 
red. Which has the greater heating 
effect? Which has longer wave- 
lengths? 

Energy of Infrared Radiation. 
Obtain an infrared lamp and a 
standard incandescent lamp of the 
same rating; about 300 watts. Pro- 
duce a spectrum from the light of 
each lamp. What colours are pro- 
duced? 

Screw the incandescent lamp into 
a reflector and place it far enough 
from a radiometer so that the vanes 
turn slowly. Count the revolutions 
per minute. Replace the incandes- 
cent lamp with the infrared lamp. 
Count the revolutions again. 

What conclusions can you draw 
about the heating effect of infrared 
radiation? Which conditions in this 
experiment are not well controlled 
and how may these affect your re- 
sults? 
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Energy Distribution in the Spec- 
trum. Our eyes are most sensitive 
to yellow and green light. There- 
fore, we may think that most of the 
sun’s energy is transmitted at these 
wavelengths. Actually, most of the 
energy is transmitted at much longer 
wavelengths, 

The graph shows the distribution 
of the energy in sunlight. At which 
wavelengths is the radiation strong- 
est? Compare the energy of the dif- 


ferent colours of visible light. Com- 
pare the energy transmitted by radi- 
ation in the infrared and the ultra- 
violet wavelengths. 

The total amount of solar energy 
transmitted to the earth per minute 
is two calories per square centimetre. 
How much of this energy is trans- 
mitted by all the infrared radiation? 
By all the visible light? What wave- 
lengths transmit the remainder of 
the solar energy? 
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Air is nearly transparent to solar radiation and, therefore, our atmos- 
phere is heated very little by the direct absorption of sunlight. Most 
atmospheric heat is gained from the sun-warmed surfaces of the earth. 
Heat is transferred from the soil to the air by conduction and by radia- 
tion. The atmosphere also gains energy when water vapour evaporates, 
although this energy does not appear as heat until the vapour condenses 


as rain or snow. 


Atmospheric Absorption. This 
graph compares the amount of solar 
energy which reaches the top of the 
atmosphere with that which arrives 
at sea level. The atmosphere ab- 
sorbs a little energy and reflects 
some. Estimate the percentage of 





the solar constant which reaches sea 
level. 

Notice that atmospheric absorp- 
tidn is not the same at all wave- 
lengths. Infrared radiation at some 
wavelengths is almost completely 
absorbed. Water vapour, carbon di- 
oxide, and ozone are responsible for 
absorption at special wavelengths. 

Discuss the nature of the radia- 
tion to be expected on a high moun- 
tain peak where most of the atmos- 
phere lies below it. Discuss differ- 
ences in incoming radiation to be 
expected during dry days and humid 
days. 4 

Absorption by Solids. Obtain two 
shiny metal cans of the same shape 
and size. Blacken half of one can 
with candle soot or dull paint. 


54 


Fill both cans with water at room 
temperature and set them in bright 
sunlight with the black side of the 
one can toward the sun. Measure 
the temperature change in each of 
the cans after 15 minutes. What has 
happened? 

Shiny surfaces reflect most of the 
radiant energy which falls on them. 
Dark, dull surfaces absorb most of 
the energy and change it to heat. 
No known substance is a perfect ab- 
sorber but soot is among the best. 
It can absorb about 97% of the radia- 
tion falling on it. 

Conduction to Air. Air is a very 
poor heat conductor. Nevertheless, 
the atmosphere gains much of its 
heat by conduction from warm sur- 
faces. The apparatus shown below 
is helpful in studying this transfer. 
The shimmering seen on the screen 
is due to moving air masses having 
different densities and, therefore, 
different powers of refraction. 
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According to the molecular the- 
ory, air molecules touching a hot 
surface gain energy and move faster. 
They may give some of this energy 
to molecules they strike. Thus a 
thin layer of air is heated. 

What happens to this heated air? 
How far from the hot object is the 
heating effect visible? In which di- 
rection is the effect greatest? 

Energy Transfer by Evaporation. 
An enormous amount of heat can be 
removed from a surface by the evap- 
oration of water. About 600 calories 
are needed to evaporate one cubic 
centimetre of water (about 8,500 
calories per tablespoonful). 

This energy passes into the air 
with the water vapour. However, 


air temperatures do not rise immedi- 
ately because the energy of the va- 
pour is not in the form of heat. Only 
when the vapour condenses is the 
energy released as heat, to be added 
to the heat of the atmosphere. 








Hot Body Radiation. Fill a metal 
can with water ate50°C@1G122° i): 
Hold your hand near the can. At 
what distance can you feel warmth? 
Can. a radiometer detect any radia- 
tion? Fill the same can with water 
at 100°C. At what distance can 
you feel warmth? Can the radiom- 
eter detect any radiation? 

Test an electric iron in the same 
way. Test an electric heater that 
has a visible heating element. What 
conclusions can you draw about ra- 
diation from hot objects? 

The photograph below was made 
on infrared-sensitive film in a dark 
room. What does the photograph 





Ultraviolet 


Electric heater 


show you about the nature of radia- 
tion from hot objects? 

Short- and Long-Wave Infrared. 
The graph shows the nature of solar 
radiation reaching the earth and the 
nature of radiation from warm soil. 
What are the chief differences in the 
radiation from each? How does a 
radiators temperature affect the 
wavelength it radiates? 

Discuss the nature of the radia- 
tion from an electric iron, an electric 
toaster, an infraredslamp, and an in- 
candescent lamp. Which radiates 
mostly infrared of long wavelengths? 
Which radiates infrared of both 
short and long wavelengths? 


Radiation from warm soil —— 


Solar radiation at sea level 


Short 
infrared 


MDa infrared 
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Hold a pane of window glass be- 
tween a radiometer and each of the 
sources mentioned on the preceding 
page. To which type of infrared— 
long wave or short wave—is window 
glass more transparent? 

The Greenhouse Effect. Mount 
two thermometers on folded strips 
of black cardboard as shown here. 
Set both in bright sunlight with the 
thermometers on the shady sides of 
the strips. Cover one with a glass 
jar. Compare the changes in the 
readings of the thermometers. 

What happens to the radiant en- 
ergy falling on the black cards? In 
what two ways does energy leave 
the cards? In what two ways does 
the glass jar reduce the loss of en- 
ergy? 

Study the photograph of the 
greenhouse. What type of infrared 
radiation enters the greenhouse? 
What happens to this energy? What 
type of infrared radiation is given 
off by the soil and other objects? 
Why does this type of radiation es- 
cape from the greenhouse more 
slowly than solar radiation enters? 

The Atmospheric Heat Trap. Our 
atmosphere serves the earth much 
as glass serves a greenhouse. Air is 
transparent to most of the short 
wave radiation in sunlight. How- 
ever, air is nearly opaque to the long 
wave radiation given off by warm 
rocks and soil. What happens to 
the long wave radiation absorbed by 
air? 

Why is air at sea level generally 
warmer than air at higher levels? 
Why does the air on a high moun- 
tain cool off faster at night than air 
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in a valley? Discuss the possible 
effects of changes in the amount of 
water vapour or carbon dioxide in 
the air. Discuss the effect of a loss 
of air into space. 


Cardboard 


Reflections from Clouds. Tests 
have shown that a dense cloud re- 
flects about 76% of the radiant en- 
ergy falling on it. Discuss the cli- 
matic effect of the clouds shown 
in the photograph. Estimate the 
number of calories being reflected 
from each square centimetre of the 
thickest clouds. 

Meteorologists estimate that, for 
the earth as a whole, about 38% of 
the incoming solar energy is reflect- 
ed. Astronomers estimate that the 
moon reflects only about 7% of the 
incoming energy and that Venus re- 
flects about 76% of the energy. Dis- 
cuss the reasons for these different 
values. 

Use a radiometer to compare in- 
coming energy under a heavy cloud 
cover and on a clear day. Also test 
the incoming energy when the sky 


ve Pacific A 
_ Ocean j 
ad 





is covered with cloud layers of dif- 
ferent thicknesses. 

Atmospheric Scattering. Dust and 
water droplets scatter a small part 
ofthe solar energy passing through 
the atmosphere. Part of this scat- 
tered energy passes out into space 
and is lost from the earth. The re- 
mainder is scattered toward the 
earth. 

Set a radiometer where it is 
shaded from direct sunlight but re- 
ceives light from other parts of the 
sky. Explain the results. 

Put a radiometer in a long, narrow 
box open at one end. Point the 
open end toward different parts of 
the clear sky. From which parts is 
radiation strongest and from which 
parts is it weakest? Test the radia- 
tion from a cloudy sky in the same 
way. 


Solar radiation 
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solar energy that heats the atmos- 
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Which processes continue both day a peolecuar 
transmission 
and night? 
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CAUSES OF WINDS 


Winds are caused by unequal heating of the atmosphere. Small, lo- 
cal winds may be set in motion by the heating of a bare field during a 
sunny afternoon, or by the cooling of a mountain peak at night. Conti- 
nental winds are produced as land masses warm up or cool off during 
the changing seasons. The major winds of the earth are a result of dif- 
ferences in radiation received in equatorial regions and polar regions. 


Convection Cells. A convection 
current in the atmosphere, made up 
of a complete circuit of moving air, 
is often called a convection cell. 
Produce a model convection cell in 
a box as shown below. Use a 100- 
watt lamp in a metal can as a source 
of heat. Make the current visible 
with smoke. Explain the current. 






Cellophane 


Try to produce a convection cell 
by. providing unequal cooling. 

A convection cell should be ex- 
plained in terms of differences in 
density of warm and cool air. Ex- 
plain the convection cell at the top 
of the page. At what time of day 


should such a cell be most active? 
When should it disappear? 
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Mountain Winds. On calm, clear 
nights, mountain tops usually cool 
faster than the valleys below. Why? 
During the night, cool air drifts 
down the mountain sides. Describe 
the convection cell that is set up by 
this circulation. 

At what time of day would you 
expect such a mountain breeze to 
begin? When would you expect 
the wind to be strongest? When 
would you expect it to stop? 

Mountain winds are usually 
strongest in gullies which lead down 
the mountain sides. Explain why. 

Winds may flow all day down val- 
leys that contain glaciers. Why? 
At what season would you expect 
glacial winds to be most common? 


ees -__ 
seen ee 
ee rh 


\ 
a Be oni 








The dia- 
below describe conditions 
along a coast during periods of good 


Land and Sea Breezes. 
grams 


weather. Which type of surface 
along a coast heats up more during 
the day? Why? Which type of 
surface cools faster at night? Why? 
What happens to air temperatures 
above these surfaces by day and by 
night? 

Explain the convection cells de- 
scribed by the arrows. What is the 
direction of the breezes across the 
shore by day and by night? 

When would you expect the day- 
time circulation to be strongest? 
When does it end? When is the 
nighttime circulation strongest? 
When does it end? 











Vortex Formation. A column of 
gas or liquid which flows with a 
whirling motion is called a vortex. 
A vortex is often seen as water flows 
down a bathtub drain. As heated 
air rises, it may also produce a vor- 
tex. 

Cut the ends from a metal can. 
Then cut the can from top to bot- 
tom, producing equal halves. Ar- 
range the pieces around lighted 
birthday candles as shown here. 
Note the slits between the pieces. 

Watch the flames while you adjust 
the pieces of metal, changing the 
sizes of the slits and the diameter of 
the cylinder which is formed. 

Why does air move upward in the 
cylinder? Why does it whirl? How 
do you know when a vortex devel- 
ops? 





Try to change the direction in 
which the vortex whirls. 

Whirlwinds. Dust whirls are often 
seen over dry, level plains or deserts 
during calm, summer afternoons. 
They usually arise suddenly, travel 
a short distance, and die out after a 


few minutes. These small whirl- 
winds are not.tornadoes. 

Whirlwinds form when air next to 
the ground becomes very hot. This 
layer does not rise as a whole be- 
cause cool air cannot get under- 
neath it. However, some hot air 
may “leak” upward over mounds or 
rocks. 

Compare a whirlwind with the 
vortex you produced over candles. 
What is the source of heat? Why 
does a column of air rise? What 
starts the column whirling? Why 
may the column whirl in either di- 
rection? 

Why are whirlwinds most com- 
mon in level country? Why are 
they most common over dry soil or 
sand? Why are they most common 
in the afternoon? Why are whirl- 
winds uncommon during cloudy or 
windy weather? 
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Tornadoes. A tornado resembles 
a large whirlwind but there are many 
differences. A whirlwind starts at 
ground level during calm, dry 
weather; it whirls in either direc- 
tion, and it rarely lasts very long. A 
tornado starts at cloud level during 
hot, moist weather; it always whirls 
counterclockwise (in the Northern 
Hemisphere), and it may last an 
hour or more while travelling many 
miles. 

Tornadoes often form when a 
mass of cold air blows over warm, 
moist air. It is believed that the 
warm air breaks up through the cold 
air, and is given its whirling motion 
by high level winds blowing in op- 
posite directions. 

Tornadoes gain their high speed 
because water vapour condenses in 
the rising air, thus releasing heat 
that makes the air rise still faster, 
The vortex whirls faster, grows 
downward, and draws in more warm 
air and water vapour. Thus, the 
vortex continues to gain energy until 
it becomes.very dangerous. 

Waterspouts. A waterspout is a 
vortex of air rising Over water. The 
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visible part is a hollow column of 
the cloud. It is not a column of wa- 
ter as many people believe. 

Some waterspouts seem to be tor- 
nadoes; they start at high levels. 
Others are more like whirlwinds: 
these start at water level. Much 
remains to be learned about the na- 
ture and behaviour of waterspouts. 





Clouds in Convection Cells. Why 
does rising air expand? How does 
expansion affect air temperature? 
What happens if temperatures drop 
below the dew point? 

Most clouds in convection cells 
are cumulus clouds as shown above. 
Where is air rising? How does the 
relative humidity change from 
ground level up into a cumulus 
cloud? Explain the flat bottom of 
a cumulus cloud in terms of tem- 
perature and dew point. Explain 


the puffy tops. 





Convection of dry air may be gen- 
tle because the rising air loses en- 
ergy and slows down. Convection is 
usually faster in moist air because 
condensation releases energy to the 
air. Which of the cumulus clouds 
shown above indicates faster circu- 
lation? Which indicates higher rela- 
tive humidity at ground level? 
Which cloud may produce rain? 

Thunderstorms. Rapid convection 
may cause gusty storms with light- 
ning and hail. Ice crystals form 
when moist air is blown up into the 
freezing zone. The crystals which 
fall below the freezing zone then 
serve as centres for condensation. 

These particles may fall as rain, 
the ice melting on the way down, 
or they may be blown up into the 
freezing zone several times and be- 
come hail. 

Water drops become electrically 
charged when torn apart by the 
wind. The smaller parts may be 
blown into another part of a cloud, 
carrying their charges with them. 
Thus, different parts of a cloud may 
have different charges. What may 
happen? 





Hurricanes. Hurricanes are very 
destructive storms formed only in 
tropical regions. The photograph 
shows a hurricane over the West In- 
dies. What evidence is there that 
the hurricane is a whirling storm? 
Does the storm whirl in a clock- 
wise direction or in a counterclock- 
wise direction? 

According to one theory, a hurri- 
cane develops when warm, moist 
air begins to rise. The air expands, 
cools, and condensation takes place. 
Condensation releases heat which is 
added to the rising air, making it 
rise faster. The earth’s rotation 
causes the moving air to whirl and 
a vortex develops. 
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According to this theory, 
does a hurricane form only over wa- 
ter? Why does it die out soon after 
moving inland? 

Study the diagram. Describe a 
hurricane in terms of size, wind di- 
rection, and clouds. 

A recording barometer made the 
graph as a hurricane passed by. 
Describe the changes in atmospheric 
pressure. Why does a vortex pro- 
duce a low pressure? 

West Indian hurricanes usually 
travel toward the northwest while 
in the tropic zone and curve north- 
east after entering the temperate 
zone. Make a study of some recent 
hurricanes, mapping their courses. 
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Primary Atmospheric Circulation. 
Air entering a heated region be- 
comes less dense as it expands. Why 
does air pressure in the region de- 
crease at the same time? 

Two large convection cells cir- 
cle the earth in the equatorial re- 
gion. What is the cause of the low 
pressure belt where the two cells 
join? Explain the circulation shown 
above. How does the position of 
the cells change between January 
and July? How does the position 
of the cells change between July and 
January? What causes this change 
in position? 

Secondary Circulation. A high 
pressure belt is produced on each 
side of the convection cells as shown 
above. This high pressure is caused 


in part as the descending air piles 


The high pres- 


up at ground level. 
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sure is also due to the increased den- 
sity of the cool, dry air. 

Most of the air entering the high 
pressure belts continues to circu- 
late in the primary convection pat- 
tern. However, some spreads out 
poleward, thus setting up additional 
circulation patterns. 

There is also evidence that air in 
the primary convection cells causes 
circulation in the stratosphere. The 
influence of this high level move- 
ment on weather is not known for 
certain. 

Wind Belts. The earth has high 
pressure regions at the poles, where 
the air is cold and dense, in addition 
to the high pressure belts already 
described. Air flowing outward 
from these regions of high pressure 
makes up the major winds of the 
earth. 





Winds tend to curve clockwise in 
the Northern Hemisphere and coun- 
terclockwise in the Southern Hemi- 
sphere, probably because of the 
earth’s rotation. Therefore, the ma- 
jor winds move as shown in the dia- 
gram instead of directly north and 
south. 


This diagram shows the location 
of the belts in April and October. 
About how many degrees do they 
shift northward between April and 
July? Where are the belts in Jan- 
uary? 

In which belt or belts is your 
home during the different seasons? 


THE PROBLEM OF MANY VARIABLES. Many variables affect the 
direction and strength of the wind in any one place. A prevailing wind 
is strengthened or weakened by seasonal changes, by local winds, by 
mountains, and by forests. Accurate predictions are difficult when sev- 


eral variables change at once. 


All weather conditions are difficult to predict because of the many 
possible variables. The human mind cannot operate fast enough to 
consider more than a few variables at a time. Perhaps high speed com- 
puters will someday reduce the amount of guesswork now employed in 
weather forecasting. 
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AIR MASSES, FRONTS, AND 
CYCLONIC STORMS 


Most lands in the same latitudes as Canada have ‘very changeable 
weather. Air from high pressure regions on either side enters these 
lands, blowing in opposite directions and setting up numerous storms. 
Weather may be cool, warm, clear, or cloudy depending upon the type 
of air that is present. Weather patterns are very complicated and ac- 
curate predictions are difficult to make. 


Air Masses. Bodies of air that re- 
main over warm seas for some time 
become warm and humid. Bodies 
of air that remain over frozen land 
become cold and contain little mois- 
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ture. After a body of air has be- 
come uniform in quality throughout, 
it is known as an air mass. 

North America is influenced by 
the masses shown on the map. 
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What qualities are suggested by the 
names of these masses? How do the 
masses gain these qualities? 

At times, a part of a mass may 
squeeze outward in the direction of 
the arrows on the map. Discuss the 
possible effect of this air on the re- 
gion it crosses. 

Describe the probable qualities 
of the masses represented by the 
photographs on the opposite page. 
How can you recognize these masses 
as they pass by? 

Changes in Masses. Air masses 
may change as (1) the bottom layer 
is warmed or cooled by the earth's 
surface, and (2) as the entire mass 
moves up or down slopes. 
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Study the diagram shown above. 
What is happening to the moving 
mass? Why do cumulus clouds often 
form? What is happening to the 
mass shown in the photograph 
at the top of the page? How do 

ou know? 

What happens as a mass crosses 
a surface cooler than itself? Which 
picture on these two pages repre- 
sents such a condition? Explain 
what happens. 

The illustrations below show a 
common condition in mountainous 
country. Explain the diagram and 
photograph. Why is this condition 
common in the southern Appalachi- 
ans in winter? 
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Fronts. Warm and cold air do not 
mix easily because of their different 
densities. Thus two unlike masses 
are separated by an invisible bound- 
ary that can be located by thermom- 
eter readings. 

A moving warm mass tends to ride 
up over cooler air ahead of it as 
shown in the diagram. Why? The 
invisible boundary, which is the 
front of the warm mass, is called a 
warm front. 

Explain why a moving cold mass 
tends to push under warmer air. 
The boundary between the cold air 
and the warm air is called a cold 
front. Why? 

Discuss the advantage to weather 
forecasters in knowing the location 
of a mass and its front, together with 
the speed and direction of the mass. 
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Cyclonic Storms. Temperate zone 
weather is marked by a succession of 
low pressure systems moving from 
west to east a few days apart. Air 
spirals counterclockwise toward the 
centre of these systems, giving them 
the name cyclones. Cyclones pro- 
duce sharp changes in the weather. 

Temperate zone cyclones were 
thought to be simple vortexes. To- 
day, a cyclone is recognized as a sys- 
tem of revolving air masses. 

Temperate zone cyclonic storms 
begin along the boundary between 
warm westerly winds and cold east- 
erly winds. The two sets of winds 
slide past each other without mix- 
ing. However, according to modern 
theory, the winds set up waves along 
their boundary much as waves are 
produced on water. 
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Left: The cold front overtakes. 


This diagram explains how a cy- 
clonic storm develops. Note that 
the storm is moving eastward, 

1. Cold easterlies and warm west- 
erlies slide past each other without 
mixing. Why not? 

2. A ripple begins. 

3. The ripple becomes a wave. 
Rotation produces a central region 
of low pressure as in a vortex. 

4. The storm system contains 
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Right: The storm is dying out. 


both warm and cold masses. Find 
their fronts. Describe the behaviour 
of the air at each front. 

5. The cold front is overtaking the 
warm front. What is the direction 
of the air in each quarter of the 
storm? 

6. The warm air has been lifted 
above ground level by the cold air. 
The storm will soon die out. How 
far has it moved since it began? 





Warm Front Weather. Why does 
a warm mass expand while sliding 
over a cold mass? Why do clouds 
usually form along a warm front? 
Why does rain fall as a warm front 
passes? 

The diagram shows the types of 
clouds that usually form along a 
warm front. Describe these clouds. 

Where does the rising warm mass 
lose most of its moisture? Why are 
the higher clouds thinner than the 
lower clouds? Why are cirrus 
clouds made up of ice crystals? 

What type of cloud should you 


Stratus 


Warm air 


wey AA 
ee TS A aa 


expect to see first as a warm front 
approaches? What is the height of 
such clouds? Describe the changes 
in clouds seen overhead as the warm 
mass continues to approach. 

A warm front is usually part of a 
cyclonic storm. Study the diagrams 
on page 71. What is the usual wind 
direction before and after a warm 
front passes? What changes are ex- 
pected in pressure, temperature, and 
humidity? List signs that are used 
to identify an approaching warm 
front. What predictions are made 
after it is identified? 
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Cold Front Weather. A cold front 


pushes up warmer air in front of it 
as shown below. Notice that there 
is little advance warning of an ap- 
proaching cold front. 

Explain the heavy cumulus clouds 
that form along a cold front. Why 
are there often strong gusty winds? 
Why may there be sudden rain or 
snow squalls, often with lightning? 

What is the usual wind direction 
before and after a cold front passes? 
What changes may be expected in 
pressure, temperature, and humid- 
ity? 


Cold air mass 





The air behind a cold front is 
often dry. If it is, the skies usually 
clear and good weather follows. If 
the air is moist and is warmed at the 
bottom by passing over warm sur- 
faces, the sky may remain covered 
with heavy clouds. However, these 
clouds may not produce rain or 
snow. 

Suppose that you have seen a 
weather map showing that a cold 
front is approaching. What predic- 
tions can you make for the area 
shown from the information given 
on the map? 
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WEATHER MAPS AND FORECASTING 


Some weather changes can be predicted from clouds and wind direc- 
tions but other changes give no advance warning. Therefore, dependa- 
ble forecasting is impossible without a knowledge of approaching 
weather patterns. Weather stations collect information about conditions 
over much of the continent and this information is used to prepare maps 
like this one. The probable movement of weather patterns can then be 
determined by studying a series of these maps. 


Isobars. Heavy lines on weather 
maps are called isobars, meaning 
lines of equal pressure (iso—equal, 
and bar—pressure). A barometer 
carried along an isobar should read 
the same everywhere, if kept at the 
same level above the sea. 

The number on an isobar gives 
the barometric pressure in inches of 
mercury and in millibars. One 


thousand millibars are nearly equal 
to the average pressure at sea level. 
What isobars on the map indicate 
places with average atmospheric 
pressure? Where are pressures 
above average? Where are they be- 
low average? 

Isobars help meteorologists locate 
weather patterns, such as air masses 
and cyclonic storms. 
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Sky condition (7 to 8 tenths cloud cover) 


Wind force (Beaufort 5,19-24 mph) 
Surface wind direction (NW) 
Temperature (80°F) 


Present weather (rain, showers) 
Visibility (3 miles) 

Form of cloud (heavy cumulus) 
Dew point (64°F) 

Ceiling height (5,000 feet) 


Station Data. Circles on a weath- 
er map represent weather stations. 
Information obtained at each sta- 
tion is printed around the circle as 
shown above. 

The map on the opposite page is 
simplified by leaving out some of the 
data. Study the map key. Describe 
weather conditions in Vancouver, 
Edmonton, Regina, Winnipeg, Tor- 
onto, and other cities. 

Locating Fronts. A meteorologist 
first writes the station data on a map 
and draws the isobars. Next he lo- 
cates the fronts, using wind direc- 
tion, temperature, humidity, and 
cloud forms. Explain how knowl- 
edge of wind direction helps in lo- 
cating a front. 

How are warm and cold fronts 
shown on a finished weather map? 
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Form of high cloud (delicate cirrus) 
Form of middle cloud (alto cumulus) 


Barometric pressure (1002.0 mb) 
Net 3 hr. barometric change (rise 0.4 mb) 
Barometric tendency (rising, then steady) 


Amount of lower cloud (3 tenths) 
Past weather (rain) 
Time precipitation began or ended 
(5 hours before) 


Amount of precipitation (1.04 inches) 


Weather Forecasting. The map 
below shows the usual paths of 
weather systems in Canada. The 
heavy lines represent paths of high 
pressure masses. The light lines 
represent the paths of cyclonic 
storms. The map also provides 
information about the average dis- 
tance travelled by weather systems 
each day. 

Assume that the weather systems 
mapped on the opposite page be- 
have in average fashion. Predict 
the movement of these systems dur- 
ing the next 48 hours. Forecast the 
weather for some of the cities along 
their paths. 

Study daily weather maps and pre- 
dict the movements of weather sys- 
tems. Forecast the weather for your 
area and check your predictions. 
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Direction from which clouds are moving (NW) 










Wind direction 
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Thin metal 


Experimental Research 






Thin metal 1. Set up a weather bureau station and keep 


a daily record of conditions, using the same 
form shown on weather maps. The ther- 
mometer and hygrometer should be shaded 
from sunlight while measuring conditions in 
open air. They may be kept in a ventilated 
aluminum or white box. The wind vane and 
anemometer should be in the open as high as 
possible, The barometer may be indoors. 

2. Make a wind vane. Slip pieces of thin metal 
into slots sawed into a round stick. Fasten 
them with brads. Balance the vane on a 
knife edge and bore a hole through the bal- 
ance point. Pivot the vane on a nail with a 
glass bead for a bearing. Mount the vane 
where buildings or trees do not interfere with 
the movement of the wind. 

3. A deflection anemometer is shown below. 
The deflection of the swinging plate depends 
upon the speed of the wind. A frozen food 
dish supplies the swinging plate; a coat 
hanger supplies the wire. Hold the anemom- 
eter out the window of a moving car and 
mark the position of the deflection plate at 
different speeds. Use the anemometer to de- 
termine wind speeds. Keep a record of your 
observations. 


Thin metal 
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Thunderstorm cumulus 





4. Take colour photographs of clouds and use 


them to illustrate a talk on the characteristics 
and formation of clouds. 

. Collect weather sayings, such as, “Red sky at 
night, sailor’s delight; red sky in the morning, 
sailors take warning.” Test some of these to 
find out if they are dependable. 

. Keep a record of the time when cirrus, cir- 
rostratus, altostratus, and stratus clouds ap- 
pear in advance of a warm front. Find out 
how long each type precedes rain or snow. 

. Keep a record of weather forecasts given in 
newspapers or radio programs and compare 
these with the actual weather. Calculate the 
percentage of correct forecasts. (Note that 
some forecasts may be correct except for the 
time when a weather pattern arrives. ) 

. Make arain gauge. Pour water toa depth of 
one inch into a large, straight-sided can. 
Then pour the water into a tall, straight- 
sided bottle. Mark the depth of the water 
on a strip of adhesive tape and divide the 
tape below the mark into 10 equal parts. A 
metal funnel can be put inside the can to 
reduce evaporation. 

Set the can outdoors away from buildings 
and trees. After a rain, pour the water from 
the can into the bottle and read the amount 
of rainfall to the nearest tenth of an inch. 
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Tabs to hold funnel in can 





Thin metal 
rolled into funnel shape 


Number 10 can 


Adhesive tape 





Tall olive bottle 


Rubber 
tubing 


Ruler 


Wood dowel 









Other Investigations and Projects 


_ Visit a weather station to find out how 


weather conditions are measured and how 
weather maps are prepared. 


_ Make a series of charts that show the location 


of the wind belts and pressure belts of the 
world during the four seasons. 


_ Make detailed notes of conditions before, 


during, and after a thunderstorm, using 
sketches to show cloud forms. Write a report 
explaining the conditions you have observed. 


. Make the pressure type of anemometer 


shown here. Note that the upright board 
pivots on a dowel so that the vane keeps the 
funnel pointing into the wind. Calibrate the 
anemometer by holding it out the window of 
an automobile. 


. Keep a daily record of wind direction. Plot 


the data on a graph known as a “wind rose,” 
shown here. Each division on a bar repre- 
sents one day during which the wind blew in 
the direction indicated. 

Find pictures of instruments used for measur- 
ing weather conditions and prepare a bulle- 
tin board exhibit that describes how these 
instruments operate. 


. Make a chart that shows the paths of cyclonic 


storms and high pressure systems by seasons 
across North America. 


. Keep an hourly record of wind velocity and 


direction while at a beach during a period of 
good weather. Use graphs to show wind 
conditions during this period. 


78 


9. 


10. 


bo 


ee) 







Transparent plastic 
Cotton clouds A P 


Make a model of a warm front or a cold 
front. Use a sheet of transparent plastic to 
represent the front, and use tufts of cotton to 
represent clouds. Dip the bottom of tufts in 
dilute black ink for thick, dark clouds. 

Make the sunshine recorder shown here. 
Cut a round box in half and tack it to a block. 
Make a cover for the open side and punch a 
smooth hole in the centre. Paint the inside 
of the recorder a dull black. 

Place a sheet of photograph paper or blue- 
print paper in the box, fitting it to the bot- 
tom. Set the box where sunlight falls on it 
all day. Remove the sheet and develop it in 
a cupful of water and a teaspoonful of table 
salt. (Use plain water for blueprint paper.) 
The streak caused by sunlight on the paper 
shows breaks whenever clouds cover the sun. 


Review Questions 


. In what form does solar energy reach earth? 
. What is the effect of clouds on incoming solar. 


energy? 


. How is the earth’s atmosphere heated? 
. How does our atmosphere act like the glass 


in a greenhouse? 


. Why does condensation of water vapour in- 


crease the circulation in a convection cell? 


. How does a tornado differ from a hurricane? 
. What is the general direction of movement 


of temperate zone cyclonic storms? 


. What foretells an approaching warm front? 
. What weather attends passage of a cold front? 
10. 


What causes the winds known as easterlies? 
What causes the westerlies? 
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11. What stations on the above map recorded the highest and the lowest 
temperatures? 

12. Which station recorded a pressure that was highest above normal? 

13. What was the wind direction in Edmonton? 

14. What was the sky condition in Winnipeg? 

15. What type of air mass was spread over the Prairies? 

16. What was the probable source of the air mass over Northern Saskat- 
chewan? ' 

17. Where did the low pressure area north of the New England states 
probably go during the next 24 hours? 

18. What type of front is shown between Hudson Bay and Halifax? 





Thought Questions 


1. Using the above map, what predictions can be made for the weather 

in Regina, Saskatchewan, during the next 24 hours? 

What predictions can be made for Sault Ste. Marie, Ontario? 

Why does a maritime mass from the Pacific Ocean usually have en- 

tirely different qualities after it crosses the Rockies? 

4. Why does the continental polar mass over central Canada in winter 
nearly disappear by the following summer? 
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Climates and Microclimates 


Weather changes from day to day, even from hour to hour, but in any 
one place, the changes tend to follow a pattern. One region may have 
a long hot summer and a cool winter; another region may have a long 
cold winter and a cool summer. The average weather pattern of a region 
is called its climate. 

Climate is usually described for a large area such as a city or a state. 
However, the climate in a very small place, such as a garden, is impor- 
tant for the organisms living there. Weather conditions in these small 
areas are called microclimates. 





THE NATURE OF CLIMATE 


Climate is usually described in terms of atmospheric conditions, such 
as air temperature, humidity, rainfall, wind, sunshine, and clouds. 
These weather factors are important to all organisms living in the open 
air. However, soil temperature, moisture, and gases are equally im- 
portant to organisms living in the soil. Water temperature and dis- 
solved gases are important to organisms living in ponds, streams, and 
oceans. Therefore, biologists often speak of soil climates and water 
climates as well as atmospheric climates. Climate may be thought of as 
the average conditions found in any place where organisms live. 


Absorption of Solar Energy. 
Nearly all of the earth’s energy 
comes from the sun in the form of 
radiation. Much of this energy is 
absorbed by land and water, raising 
their temperatures. 


ABSORPTION OF SOLAR ENERGY 
BY VARIOUS SURFACES 


(Sun Directly Overhead) 


Deep Water 93% 
Asphalt 91% 
Dark soil 85% 
Forests 82% 
White sand 80% 
White concrete 75% 
Grassy meadows 70% 
Old snow 45% 
New snow 20% 


The amount of radiant energy ab- 
sorbed by a surface depends upon 
the nature and colour of the surface. 
Candle soot can absorb 97% of the 
energy in sunlight. Polished silver 
may absorb less than 3%. 

Dark soils and light soils may dif- 
fer greatly in temperature after a 
few hours of sunlight. Fill three 
or more pans with soil of different 
colours made by mixing different 
amounts of powdered charcoal and 
white sand. Set the pans in sun- 
light. Which soil becomes warm- 
est? 

Temperatures of Sunlit Surfaces. 
An ordinary thermometer is not sat- 
isfactory for obtaining surface tem- 
peratures because the bulb may be 
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partly in the air above the surface 

or partly in the material below the 

surface. The device at the right 
ives more satisfactory results. 

A cardboard tube shields the ther- 
mometer so that the bulb is not 
heated by sunlight. How is the bulb 
heated? What is the purpose of 
the insulation? What may prevent 
this device from giving exact sur- 
face temperatures? 

Take the temperature of surfaces 
that have been in sunlight for sev- 
eral hours. Take the temperature 
of similar surfaces that have not 
been in sunlight. List the surfaces 
in order of their ability to change 
solar energy to heat. 

Reflected Radiation. The table 
on the opposite page lists approxi- 
mate percentages of solar radiation 
absorbed from common surfaces. 
The energy not absorbed is reflected. 
What percentage of the solar energy 
is reflected in each case? 

Why may a person become sun- 
burned quickly while skiing? Why 
is the climate at the base of a south- 
facing wall usually warmer than the 
climate a few feet away? Explain 
why a leaf growing over white sand 
may receive more than its usual 
share of solar energy. 

Shine a flashlight on water in a 
dark room and study the brightness 
of the reflected beam as the angle 
is changed. What is the relation be- 
tween the amount of reflected en- 
ergy and the angle at which radia- 
tion strikes a surface? 

Study the graph. Discuss the 
changes in absorbed energy through- 
out the day. 
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Absorption by Chlorophyll. Sun- 
light is made up of radiations of 
many wavelengths, including infra- 


red and ultraviolet. Over half of 
the energy in sunlight is transmit- 
ted by the infrared wavelengths. 
The remainder is transmitted by 
visible light and ultraviolet radia- 
tions. 

Some surfaces, such as asphalt, 
are able to absorb almost all wave- 
lengths equally. Other surfaces are 
good absorbers of certain wave- 
lengths but are poor absorbers of 
others. 

Your eyes tell you that green 
leaves do not absorb all wave- 
lengths. What portion of visible 
radiation is reflected to your eyes? 
What portion of visible radiation is 


absorbed? 


The photograph was made with 
film sensitive only to infrared radi- 
ation. The photograph is light 
where infrared radiation fell on film. 
What do the dark areas represent? 

Study the photograph. What sur- 
faces reflect a good deal of the in- 
frared? What surfaces absorb much 
of the infrared? Why do buildings 
appear light on some sides and dark 
on others? Why is the sky dark? 

Physicists estimate that chloro- 
phyll reflects 44% of the solar energy 
falling on it. How does this reflec- 
tion affect the temperature of a leaf? 
How does it affect the climate be- 
neath the leaf? 

Discuss the effect of green grass 
on soil temperatures. Compare the 
surface temperatures of bare soil 
and grass-covered soil in sunlight. 
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Atmospheric Heating by Conduc- 
tion. The photographs show condi- 
tions around heated objects. <A 
special lens system makes dense air 
appear red or yellow and thin air ap- 
pear green, 

The left photograph shows con- 
ditions around a soldering iron. 
What is happening to the air? 
Which way is it moving? Why? 

The photograph at the right de- 
scribes conditions above a hot, flat 
surface. Note that a layer of hot air 
clings to the surface without rising 
immediately. Cool air must get be- 
neath this layer to push it upward. 
The layer may cling to the hot sur- 
face for seconds and even minutes. 

The right photograph also shows 
a second layer of hot air which sep- 
arated from the surface and is ris- 
ing. Explain the shimmering often 
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seen above hot surfaces, such as 
pavements in sunlight. 

Explain why the climate one inch 
above a sunlit surface may be much 
different from the climate a foot 
higher. Why may small animals be 
killed while crossing a sunlit surface 
while larger animals are not? 

Some trees, such as sugar maples, 
grow well in open fields but their 
seedlings do not live through their 
first summer in the same places. 
Explain this in terms of climate. 
Where might the seedlings find a 
suitable climate for survival? 

The heated layer over a desert or 
dry plain occasionally becomes sev- 
eral feet thick during sunny after- 
noons. Why does this happen only 
in calm weather? Explain the im- 


portance of this layer in determin- 
ing the types of plants living there. 


Cardboard tube covered with foil 











Holes for air circulation 


Measuring Air Temperatures. A 
thermometer measures only its own 
temperature. If we want to deter- 
mine air temperatures, we must 
make certain that the thermometer 
is at the same temperature as the 
air. 

The thermometer shown above 
has been given a shield to make it 
more suitable for determining air 
temperatures in sunlight. What is 
the purpose of the shield? Why 
must the thermometer be shielded 
below as well as above? How does 
the aluminum foil help? What is 
the purpose of the holes in the 
shield? Why may the thermometer 
still fail to provide exact air tem- 
peratures? 

Make a shielded thermometer and 
determine air temperatures at dif- 
ferent levels over sunlit surfaces on 
a calm day. Compare temperatures 
over asphalt, concrete, bare soil, 
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grass-covered soil, and water. Plot 
the measurements on a graph. Try 
to explain differences in the curves. 

How may your attempts to meas- 
ure air temperatures change the 
conditions you are studying? 

Changes in Relative Humidity. 
Air can hold more water vapour as 
its temperature rises. Why does the 
relative humidity tend to increase 
as the temperature drops? Why 
does the relative humidity tend to 
decrease as the temperature rises 
unless there is much liquid water 
present? 

‘What may happen to the relative 
humidity over rocks and bare soil 
during calm, clear days? Measure 
the relative humidity over bare sur- 
faces in sunlight and shadow, using 
the hygrometer shown below. Ex- 
plain the differences. Compare the 
readings with those over grass and 
water. 
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MICROCLIMATES IN SOIL 


Soil is made up of solid particles separated by spaces filled with 
gases and water. In the spaces are found roots of plants together with 
countless millions of tiny organisms. Many of these small organisms 
play important parts in making soil suitable for green plant growth. 
Therefore, the climate within the soil is of great importance to many 


living things, including ourselves. 


Cooling of the Soil. Soil loses 
heat by conduction to the air above, 
by radiation, and by evaporation of 
water. Explain why a cold wind 
cools the surface of soil rapidly. 

Evaporation removes enormous 
quantities of heat, almost 600 cal- 
ories per cubic centimetre of water 
(about 8,500 calories per tablespoon- 
ful). Measure the surface tempera- 
ture of bare dry soil in sunlight. 
Sprinkle the soil with water having 
the same temperature as the soil. 
Note the temperature changes at 
the soil surface. 

How does relative humidity above 
the soil affect the cooling rate? 

Radiation Cooling. The surface of 
soil radiates heat both day and 
night. During what part of the day 
is the outgoing radiation likely to 
be greater than the incoming radia- 
tionP What happens to the soil 
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during these hours? Why does the 
soil never stay hot for very long? 

The radiation from soil is of long 
wavelengths and is called long in- 
frared. This type of radiation is 
readily absorbed by water vapour, 
the energy being added to the at- 
mosphere as heat. Some of this heat 
may be transferred back to the soil 
by conduction. 

Radiant energy that is not ab- 
sorbed by the air may be reflected 
back to the soil by clouds or the 
leaves of trees. A little energy may 
be lost to space. 

Why does soil cool faster when 
the air is dry than when it is moist? 
Why does soil cool faster during 
clear nights than cloudy nights? 

Discuss the surface temperatures 
of desert soils during the day and 
at night. Discuss the temperature 
changes in woodland soils. 


Heat Conduction in Soil. Part of 
the heat absorbed at the soil’s sur- 
face is conducted downward. The 
rate of conduction depends upon 
the nature of the soil. 

Test the conductivity of soil with 
the apparatus shown below. The 
milk carton of soil is insulated at 
the sides and bottom with glass wool 
or vermiculite. Temperatures are 
taken at different levels through 
holes in the side. 

Fill the carton with soil that has 
been kept in a cold place. Set the 
apparatus in sunlight and take the 
temperatures every half hour. Plot 
each set of readings on a graph. 

Test two or more soils at the same 
time: for example, wet sand, dry 
sand, loam, and humus. Also test 
the rate at which soils lose heat by 
setting cartons of warm soil in a 
cold place. 

Explain the graph of soil temper- 
atures in terms of the results of your 
experiment. These measurements 
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were made where winters do not 
become very cold. 

The Soil Atmosphere. Open 
spaces in soil contain a mixture of 
gases that may be different than air. 
What is the usual percentage com- 
position of air and what is the range 
of relative humidity? 

Decay processes and organisms in 
the soil usually require oxygen and 
produce carbon dioxide. These 
processes and organisms also give off 
small amounts of other gases, such 
as ammonia and hydrogen sulphide. 
What changes might you expect to 
find in air that is trapped in soil? 

Soil particles are usually covered 
with a film of liquid water. There- 
fore, the relative humidity of the 
soil gases is nearly 100% all of the 
time. 

Why do soil organisms need a 
change in soil atmosphere? In what 
types of soil is a change of atmos- 
phere easiest? What agents may 


bring about the change? 
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Climate in a Burrow. Why does 
the temperature in an animal’s bur- 
row change little from day to day? 
Why do summer temperatures re- 
main low? How can a burrowing 
animal escape freezing tempera- 
tures? 

Why is the relative humidity in 
a burrow generally high? Why does 
the relative humidity change little 
from hour to hour? 
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What are some other places that 
have a climate much like that in an 
animal's burrow? 

Measure the temperature and rela- 
tive humidity in burrows. Attach a 
combination thermometer and hy- 
grometer to a long stiff wire and 
push it into a burrow. Leave it 
there long enough for the pointers 
to stop moving. Withdraw the in- 
strument and read it quickly. 
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MICROCLIMATES IN WATER 


Climates in ponds and streams may seem simpler than those in air, 
chiefly because there are fewer changes and these changes take place 
more slowly. Nevertheless, water is an unusual substance compared 
with other liquids. Temperature changes in water cause some surpris- 
ing effects that have great influence on the climate both within the wa- 


ter and on the land nearby. 


Heat Absorption. Visible light can 
penetrate many feet of clear water 
but most infrared is absorbed with- 
in six feet (2 metres). In shallow 
water, some solar energy may reach 
the bottom. What happens then? 
Why is shallow water often very 
warm in summer? 

Test the effect of mud or other 
suspended particles. Fill a jar with 
a suspension of dark mud. Fill an- 
other jar with clear water. Set the 
two jars in bright sunlight and meas- 
ure the temperature changes during 
a period of 15 minutes. 

What is the effect of the sus- 
pended particles on energy that is 


absorbed from sunlight? 
what has occurred. 

Conduction by Water. Ponds and 
lakes receive most of their heat at 
the surface. What are two ways 
surface water can be heated? 

Heat may be transferred from the 
surface layer to lower levels by con- 
duction, convection, and by mixing 
caused by wind action. Test the 
conductivity of water as shown 
above at the right. Decide from the 
results of this experiment whether 
water is a good or poor conductor of 
heat, and whether much heat can be 
transferred to the bottom of a pond 
by conduction. 


Explain 
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Volume Changes in Water. Set 
up the apparatus shown above. Fill 
the flask with coloured water warm- 
ed to 30°C (86°F). Force in the 
stopper until the water rises high in 
the tube. Then set the flask in an 
ice-salt mixture. 

Keep a record of the height of the 
water in the tube as the temperature 
drops. Watch with special care as 
the temperature approaches freez- 
ing. Graph the results. At what 
temperature does the volume of wa- 
ter seem to be smallest? 

Density Changes in Water. What 
effect does contraction have on den- 
sity? When was water most dense 
in the last experiment? 

Contraction of the glass flask af- 
fects the results of this experiment 
slightly. Suitable correction for 
this contraction gives a figure of 
4°C (39°F) for the temperature at 
which water is most dense. 

Make ice cubes of coloured water. 
Lower one of these cubes into water 
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at 16°C (60°F). Watch the col- 
oured water as the ice melts. Ex- 
plain its movement in terms of den- 
sity. 

Set a glass of water into a jar of 
ice cubes until its temperature is 
4°C. Lower a coloured ice cube into 
the glass. Explain the movement of 
the coloured water. 





Coloured ice cubes 


Summer Conditions in Lakes. De- 
scribe some of your experiences with 
water temperatures while swimming 
in lakes. Where was the water 
warmest? Is the change from warm 
to cold layers gradual or sudden? 

Lakes receive solar energy only 
at the top. What happens to the 
density of the water as it is heated? 
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Why does the warm water stay at 


the top? Why does the deeper 
water warm up very slowly? 

Explain why the bottom of a deep 
lake may stay at 4°C (39°F) all 
summer. 

Autumn Cooling. Lakes lose heat 
at the surface by long infrared ra- 
diation and by conduction to the 
air above. What happens to the den- 
sity of the surface water as it cools? 
What does the cooled surface water 
do? 

The circulation of water set up 
in this way:is known as convection. 
Convection in a lake is a much more 
rapid process than conduction. One 
or two days of cold weather can 
chill a lake to a temperature un- 
comfortable for swimming, but 
many days are needed to warm the 
lake through the same range of tem- 
peratures. 
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The diagrams here show how 
convection cools a lake from top to 
bottom. Explain the diagrams. 
Why does convection stop when the 
lake has cooled to 4°C (39°F)? 

The Autumn Overturn. Most of 
the oxygen dissolved in lake water 
is absorbed at the surface from the 
air. The upper layers of a lake 
usually contain all the oxygen they 
can hold. 

During the summer, there may be 
little mixing of the warm, upper 
layers with cold water at the bottom. 
Oxygen in lower levels is gradually 
used up by organisms and chemical 
decay processes. Sometimes fish 
can no longer live in the deeper parts 
of lakes. 

When autumn comes, water at 
the surface settles, carrying oxygen 
with it. When all the water is at 
the same density, winds can mix the 
lakes from top to bottom. In what 
ways does this period of autumn 
overturn have important effects on 
the climate of deep lakes? 

Winter Conditions. Convection 
stops when a lake has cooled to 
4°C throughout. If surface water 
cools below 4°C, it remains at the 
top. Why? If the water freezes, 
the ice remains at the top. Why? 

Why is there little mixing of sur- 
face and bottom layers during cold 
winters? What effect does ice have 
on mixing? What is the probable 
temperature at the bottom of a deep 
lake during the winter? What may 
happen to the oxygen supply? 

Spring Warming. Describe the 
process by which an ice-covered lake 


warms up to 4°C (39°F). When 
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does mixing by wind action become 
possible? What is the importance 
of the spring overturn? 

How does a lake warm up beyond 
a temperature of 4°C? 
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MICROCLIMATES 


IN AIR 


Microclimates in air are apt to be much more changeable than those 
in soil or water. Temperatures sometimes change 60 Fahrenheit de- 
grees (33 Celsius degrees) within 24 hours. Relative humidity may 


drop from 100% at dawn to 20% at noon. 


In addition, winds often 


play an important part in these microclimates. 


Not all microclimates are equally changeable. 


Some are sheltered 


from wind and direct sunlight. Some are near bodies of water which 
slow down rates of heating and cooling. Nevertheless, most microcli- 
mates in air undergo a wide range of conditions from season to season 


if not more often. 


Climates on Slopes. The small 
valley shown here runs east and 
west. The climate on one side of 
the valley is often much different 
from that on the other side. Why 
may the temperatures be different? 
Why may the relative humidity be 
different? When are the climates 
on the two sides of the valley most 


nearly alike? When are they most 
different from each other? 

Study the climates on the two 
sides of a valley or small hill. Meas- 
ure soil temperatures, air tempera- 
tures, and relative humidity during 
both cloudy and sunny weather. 
Explain the differences in your 
measurements. 
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Effect of Wind. Discuss the effect 
of wind on microclimates. How may 
a breeze affect temperatures and 
moisture in a microclimate? What 
other changes can be caused by 
wind? 

Discuss the effect of wind upon 
organisms in a microclimate. How 
may a breeze affect the temperature 
of organisms and the moisture con- 
tent of their bodies? In what ways 
may wind benefit an organism and 
in what ways may it harm an or- 
ganism? 

Study wind velocities in open 
fields with the device shown here. 
Each thread and each weight must 
be as nearly alike as possible. Find 
out how bushes, high grass, large 
rocks, and ridges of soil affect wind 
velocity. Discuss the reasons why 
some microclimates are not greatly 
affected by wind, even during se- 
vere storms. 

Climate on a Rock. Take the sur- 
face temperature of a sunlit rock 
on a windless day. Take the tem- 
perature of the air close to the sur- 
face. Repeat the measurements for 
a similar rock in shade. 

Why do temperatures change rap- 
idly on bare rock? How does the 
relative humidity change? Why is 
a rock often covered with dew at 
night? Why is there little water 
at other times? How may wind af- 
fect the climate on a rock?  Dis- 
cuss some of the problems organisms 
have trying to live on bare rocks. 

Few other microclimates are as 
dificult for organisms. Neverthe- 
less, certain plants, called lichens, 
thrive on bare rock. The photo- 


95 





Cardbard 











graph shows lichens common in 
temperate regions. Other types of 


lichens may be the only plants in 
polar regions and on mountaintops. 





Climates near Water. Water has 
the greatest heat capacity of any 
natural substance. Water tempera- 
ture rises much less than that of air 
or soil while absorbing the same 
amount of heat. How does this 
high capacity affect its cooling rate? 

How does evaporation affect the 
temperature of water? When is 
this effect greatest? 





Discuss the expected climate in 
places near water. What is the ef- 
fect of the water on air and soil 
temperatures as summer comes? 
What is the effect on relative hu- 
midity? . 

What is the effect of water on 
climate as winter comes? 

If possible, measure soil, water, 
and air temperatures, together with 
relative humidity at the edge of a 
pond or stream. Compare the cli- 
mate with that of a nearby dry field. 

Snow Cover. Snow has an im- 
portant influence on microclimates. 
Snow is an_ excellent insulator. 
Snow also reflects most of the short 
wave solar radiation falling on it 
while radiating long wave infrared 
rapidly. Snow also requires a great 
deal of heat to melt, about 80 cal- 
ories per gram (2,240 calories per 
ounce ). 

Discuss the effect of snow on soil 
temperatures during the winter. 
Discuss the effect of snow on. air 
temperatures directly above the 
snow during the day and during 
clear nights. What effect may snow 
have on the coming of spring? 
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Fields and Woodlands. A single 
woodland or open field usually in- 
cludes: several types of microcli- 
mates. There may be places with 
bare soil and places with plant cover 
of various heights. The amount of 
shade differs from place to place. 
The slope differs in direction and 
steepness. There may also be spe- 
cial microclimates under rocks and 
logs, within hollow trees, and even 
in cracks in the bark of trees. 

The photograph shows an area 
with a great range of microclimates. 
Identify some of them. 

Investigate the microclimates in a 
small area near your school. First, 
survey the area and list all the micro- 
climates that you can identify. Then 
choose one or more of these micro- 
climates for detailed study. Make 
measurements under _ different 
weather conditions and times of day. 
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Describe the microclimate you 
have chosen. Give the direction and 
steepness of the slope. Identify the 
type of soil. Make drawings show- 
ing the type of plant cover, if any. 
Estimate the amount of sunlight in 
terms of hours per day. 

Measure soil temperatures at sev- 
eral levels beneath the surface. 
Measure wind velocity at several 
levels above the surface. On a calm 
day, measure air temperatures and 
relative humidities at several levels 
above the surface. 

Repeat measurements on cloudy 
days and on rainy days if possible. 

Compare your findings with those 
of classmates making studies of other 
microclimates within the chosen 
area. Which microclimates have 


the greatest range of conditions? 
Which microclimates have the small- 
est range of conditions? 





MAJOR WORLD CLIMATES 


The average climates of Canada, England, Australia, Pakistan, and 
Morocco differ greatly. Within each country a variety of climates can 
also be found. Geographers may class these climates by zones, such as 
polar or tropical. Seasons may be described by such terms as hot, dry, 
and mild. Climates may also be pictured in terms of plant life, such as 
rain forests or tundra. Describe the climate where you live so that a 
stranger could understand the conditions. 


Latitude and Climate. The blue 
lines on the map are isotherms which 
show the average temperatures over 
the world in January. Where are 
the hottest and coldest regions? 
Why are these regions over land in- 
stead of water? Describe the gen- 
eral temperature distribution be- 
tween the poles and the equator. 
Why are the changes more regular 
over the oceans than over land? 





Discuss the appearance of a simi- 
lar map for July. Compare your 
speculations with the map at the 
end of the chapter. 

The general zones of plant life be- 
tween the equator and the poles are 
shown below. These zones are not 
regular and may be missing in some 
regions. Refer to an atlas for the 
distribution of the zones. In which 
zone do you live? 
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Altitude and Climate. The photo- 
graph shows a high mountain in 
California. The top is covered with 
snow most of the year; few plants 
grow there. Some of the high val- 
leys are much like the tundras of 
northern Canada; they contain low 
plants but no trees. Farther down 
the slope is a belt of coniferous trees 
and below that is a belt of deciduous 
trees. The foothills are dry and cov- 
ered with grass. 
green trees in the foreground are 
not native but survive as long as 
they are given water. 

The diagram shows the belts of 
plant life commonly found on high 
mountains at the equator. Compare 
this diagram with the one on the 
opposite page. Note that a moun- 
tain climber at the equator passes 
through the same zones as a traveller 
going northward toward the pole. 

The base of the California moun- 
tain shown here is in a dry, grass- 
land zone. The base of a mountain 
in British Columbia is in the conifer- 
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Broadleaf ever- . 


ous tree zone. In what zone do you 
think the base of Alaska’s Mt. Mc- 
Kinley might be? Refer to an atlas 
to check your answer. 


Snow and Ice 


Tundra 
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Equatorial Climates. Why is the 
region along the equator generally 
warm? How does this belt of warm 
temperatures shift throughout the 
year? 
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The diagram shows the general 
movement of air at the equator. 
Why does the air rise? 

Incoming air is usually moist be- 
cause it has crossed oceans. What 
happens to this air as it rises? What 
happens to much of the water vapour 
in the air? Make a general state- 
ment about rainfall in lands along 
the equator. Check your statement 
by referring to an atlas. 

Refer to encyclopedias and geog- 
raphy books for descriptions of cli- 
mates in lands that are located along 
the equator. Plot these climates on 
a map of the world. Explain the ex- 
ceptions. 

The photograph at the top of the 
page shows a forest located at the 
equator. Describe the climate in 
the forest. Discuss possible seasonal 
changes that might occur in the 
forest. 
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The High Pressure Belts. Air at 
the equator rises to the stratosphere 
and divides, some flowing north and 
some flowing south. What is the 
approximate temperature of this air? 
Why does the air contain very little 
water vapour? 

This high level air settles back to 
earth along two belts located about 
30° on either side of the equator. 
What happens to the temperature 
of the air as it descends? What 
happens to the relative humidity? 
Why does the air along these belts 
have a slightly higher pressure than 
the air on either side? 

Predict the rainfall in these two 
high pressure belts. Plot on a map 
of the world the climates of lands 
about 30° north and south of the 
equator. For which lands were your 
predictions correct? Explain the 
exceptions, 
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The photograph shows a region 
that is 30° north of the equator. De- 
scribe the climate. Explain the con- 
ditions shown. Why can such a 
region have a rainy season? 
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Influence of Mountain Ranges. 
The diagram describes some of the 
changes that take place in air mov- 
ing across the western part of North 
America. What is the prevailing 
wind in the western part of North 
America? 

Explain the changes in tempera- 
ture, relative humidity, and moisture 
content of air rising up the moun- 
tain slopes. Explain the changes in 
temperature, relative humidity, and 
moisture content of air that is de- 
scending on the opposite sides of the 
mountains. 
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Where should rainfall be greatest? 
Where might there be dry regions? 

The bar graphs show the rainfall 
of some places in the western prov- 
inces. Describe the differences in 
these graphs and try to explain these 
differences. 

Locate mountain ranges on a 
world map that shows the prevailing 
winds. Where might you expect to 
find heavy rainfall and little rain- 
fall? Discuss the effects of seasonal 
movement of the wind belts. Use 
an atlas to check speculations that 
you make. 
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17.32 inches per year 








PRINCE GEORGE 
22.16 inches per year 
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Climates in North America. Cli- 
mates are classified as arid (dry) or 
humid (moist). They may also be 
classified as polar, subpolar, tropical, 
or subtropical. Climates are some- 
times classified as marine (influ- 
enced by air masses over nearby 
oceans) or continental (influenced 
by air masses over large land areas). 

Continental climates tend to dif- 
fer greatly from summer to winter 
since land heats and cools rapidly. 
Marine climates differ comparatively 
little from season to season. 


The climate may change from sea- _ 


son to season as temperature and 
pressure belts shift north and south. 
In the United States, a large sec- 
tion is influenced chiefly by dry, 


cold, continental air in winter, and 



























































by moist, warm, marine air during 
the summer. 

The graphs give monthly average 
temperatures and rainfall for a few 
cities. Which cities have an arid 
climate? Which have a humid cli- 
mate? Which can be classified as 
marine and which as continental? 

Which places have a dry season 
and a wet season? Which have the 
drier season in summer and which 
have the drier season in winter? 

Try to explain the differences in 
the climates of these cities in terms 
of prevailing winds, pressure belts, 
latitude, mountain ranges, and sea- 
sonal shifts of temperature belts. 

Obtain information about monthly 
temperatures and rainfall of your re- 
gion. Try to explain the climate. 


GENERALIZED INFORMATION. Atlases, encyclopedias, and geog- 
raphy books provide much information about climate, usually for large 
areas. However, within a large area there may be many small regions 


each having a special climate. 


For example, conditions on two sides 


of a mountain may be very unlike. A spring in a desert produces a 
very undesert-like climate. Keep in mind that most reference books 
provide only generalized information that represents average condi- 
tions. Expect to find many exceptions to the information. 
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IN OCEANS 


Oceans cover about two-thirds of the surface of the earth. This enor- 
mous amount of water has a great effect upon our lives, particularly 
upon our climate. Nevertheless, we know surprisingly little about the 
oceans and conditions within them. The need for more research is be- 
ing recognized and many scientific studies are being carried out. 
Among these studies are investigations into ocean currents, temperature 
distributions, and substances in solution. 


Tidal Zone Climates. The regions 
between high and low tides often 
have the most changeable and most 
difficult climates on earth. Note 
the rocks at low tide in the photo- 
graph. What temperatures may be 
expected at low tide in winter? At 
high tide? What temperatures may 
be expected at low tide in summer? 
At high tide? Discuss the available 


oxygen and moisture at high and 
low tides. Discuss wind and wave 
action. 

Compare the possible climate of 
the tidal zone which is shown in the 
photograph with the tidal zone on 
a sandy beach. 

Deep Sea Climates. Deep sea cli- 
mates resemble those of deep lakes 
in many ways. Ocean water is most 
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dense at 37.5°F (3°C). Heating 
takes place at the surface, the warm 
water staying near the top. Heat 
conduction downward is so slow 
that the deeper parts never warm 
above 3°C. 

Study the graph and describe the 
seasonal changes in water tempera- 
tures of the North Atlantic. What 
differences might you expect in a 
similar graph for the South Atlantic? 
For the Indian Ocean? 

The graph also shows the depth 
to which light passes. Only blue 
light penetrates to any great depth. 
Infrared radiation is absorbed with- 
in the first three feet and red light 
within the first 50 feet. How far 
does blue light go? 

Give two reasons why microscopic 
green plants live only within the top 
few feet of the ocean. 

The surface water of the ocean is 
usually saturated with oxygen ab- 
sorbed from the atmosphere. How 
does wave action help increase the 
amount of dissolved oxygen? 

During much of the year, wind 
mixes the surface water with water 
at lower levels, carrying oxygen 
downward. However, the surface 
water is sometimes too warm to mix 
easily with cold water beneath. 
Why? Check the graph to find out 
how deep the wind can cause mixing 
in the North Atlantic during August. 
During April. 

The deepest parts of the ocean re- 
ceive little oxygen because of wind 
action. However, cold water from 
the polar regions settles and flows 
toward the equator, bringing some 
oxygen with it. 
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Ocean Currents and Climate. 
The map shows the major surface 
currents of the oceans. In which 
part of the oceans does the water 
flow generally westward? In which 
part does the water flow generally 
eastward? 

Where does the water in these 
currents receive more heat daily 
than it loses? How is the water 
heated? In which part of the world 
does the water lose more heat daily 
than it gains? How does the water 
lose heat? 

How may a current that flows 
toward a pole affect the lands that 
it passes? How may a current flow- 
ing toward the equator affect the 
lands it passes? 


ny, - & 
~West Wind Drift ce ay 





Find the Gulf Stream on the map. 
Is this probably made up of warm 
or cold water? Explain your answer. 
What European lands are touched 
by the Gulf Stream? What is the 
climate of these lands? Compare 
their climate with that of Labrador 
on the opposite side of the Atlantic. 
Explain the differences. 

Discuss the effect of the California 
Current on the climate of western 
North America. 

Compare the climates of coastal 
regions having the same latitude; 
for example, New England and Por- 
tugal, or southern Brazil and north- 
ern Chile. Explain the differences 
in terms of ocean currents that are 
located nearby. 
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Causes of Currents. Compare the 
map on the opposite page with a 
map of the prevailing winds. What 
conclusion might you draw from the 
maps? 

Scientists have assumed for many 
years that winds set up ocean cur- 
rents. The assumption may be cor- 
rect; winds do set up currents in 
lakes. Nevertheless, scientists are 
taking another look at the assump- 
tion and suggesting other hypoth- 
eses, 

According to one hypothesis, the 
rotation of the earth piles up water 
on the western sides of the oceans 
in the equatorial regions. The piled- 
up water would slide along the sides 
of the continents and return east- 
ward nearer the poles. 

Another hypothesis suggests that 
cold, dense water near the poles set- 
tles and flows beneath the surface 
toward the equator. Warmer water 
is pushed upward and returns at the 
surface toward the poles. These 
currents curve because of the earth’s 
rotation; clockwise in the Northern 
Hemisphere, and counterclockwise 
in the Southern Hemisphere. 

Some scientists have proposed 
that differences in saltiness may pro- 
duce ocean currents. Evaporation 
increases the saltiness of water, thus 





making it denser. This water tends. 
to settle and push up less salty wa- 
ter. 

Two experiments show how ocean 
currents may be produced. Fill one 
milk bottle with hot, coloured water; 
fill a second bottle with cold water. 
Place a card on one bottle, turn it 
upside down, and set it on the other 
bottle. Then hold the bottles in a 
horizontal position as shown below. 
Ask someone to pull out the card. 

Repeat the experiment, using 
salty, coloured water and clear, fresh 
water. 

Do these experiments prove that 
ocean currents are set up by dif- 
ferences in temperature or salti- 
ness? What do they prove? How 
can scientists prove their hypoth- 
eses? 
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Experimental Research 


. Keep a daily record of air temperatures and 


stream temperatures for a month or more. 
Graph the results and compare the variations 
in the two curves. Look for relationships 
between them. 


. Make a study of the plant zones in mountain- 


ous country. Take colour photographs of the 
plant types and prepare a talk based on your 
pictures. 

Obtain average hourly temperatures and rela- 
tive humidities from a local weather station. 
Plot these on graph paper and study the two 
curves for relationships. 


. Study the microclimates in a cave fora period 


of several weeks or months. Measure tem- 
peratures, relative humidities, and wind ve- 
locities, if any. 


. On a clear, windless night, take air tempera- 


tures at 10-centimetre (4-inch) intervals from 
soil level up to two metres. Repeat the meas- 
urements on a cloudy, windless night. Pre- 
pare a diagram that shows the temperature 
distribution. 


. Set up a thermistor circuit as shown below 


to measure temperatures in microclimates. 
(Thermistors are sold in radio supply stores.) 
Electrical resistance of a thermistor decreases 
as its temperature increases, allowing more 






Thermistor (50 ohms) 
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10. 


current to flow. Dip the thermistor in water 
of known temperatures to calibrate the meter 
readings. Then use the thermistor to obtain 
temperatures at different depths in a pond. 


. Bury five thermistors in soil at depths of 1 cm, 


6 cm, 11 cm, 16 cm, and 21 cm. Lead the 
connecting wires to the surface where they 
can be connected to a meter and dry cell (see 
the opposite page) when measurements are 
wanted. Take readings at hourly intervals 
throughout the day, and throughout the night 
if possible. Plot the results as shown. 


. Keep a record of temperatures and humidities 


in an animal’s burrow for several weeks, at- 
taching the instruments to a long, stiff wire 
that can be pushed into the burrow. 


. Obtain the dew point of the air above the 


ground on a clear, windless night, holding the 
dew point apparatus at levels one foot apart. 
From the data, calculate both the absolute 
humidity (weight of vapour per cubic foot) 
and the relative humidity, using a set of hu- 
midity curves from a meteorology book. 
Make the water sampler that is shown below 
and obtain water temperatures at different 
depths from the top to the bottom of a lake. 
Repeat the measurements at weekly intervals. 
In winter, chop a hole in the ice if necessary. 
Make a series of charts showing the tempera- 
ture distribution. 
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11. On a very cold day, measure temperatures 
above, below, and within snowbanks. Re- 
peat the measurements on a warm day. 
Make a diagram that shows the distribution 
of temperatures. 

12. On a clear, windless night, take temperatures 
from the top to the bottom of a hillside. 
Make a diagram that shows the temperature 
distribution along the hillside. 

13. Make a study of the temperature changes 
within the tidal zone at the sea coast. 

14. Build a small anemometer and calibrate it by 
holding it out the window of a moving auto- 
mobile. Use the instrument to study wind 
velocities at different levels above various 
surfaces. 





Other Investigations and Projects 


1. Collect pictures that show the vegetation in 
different climates. Prepare a bulletin board 
exhibit with the pictures. 

2. Make charts like that below to show the tem- 
perature distribution around the world dur- 
ing the different seasons. 
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Set up a demonstration like that at the right 
to show that slope affects the amount of heat 
absorbed from radiant energy. 

Make a chart which shows temperature and 
rainfall records by months for your area. 
Draw a map of North America and on it 
show the location of the different plant zones. 
Write a report on the climatic conditions ex- 
perienced by explorers in the polar zones. 
Make a model of a mountain range with clay. 
Show with tufts of cotton the regions where 
clouds form as wind blows across the range. 
Use paper cutouts to show the distribution of 
the different types of vegetation on each side 
of the mountain. 

Find out how temperatures are obtained in 
the lower levels of deep oceans and lakes. 
Make a map showing the distribution of rain- 
fall in North America. 

Prepare a report on some of the theories that 
have been proposed to explain changes in cli- 
mates, such as the coming and ending of the 
recent Ice Age. 

Read about the distribution of plants and ani- 
mals in the ocean and prepare a report de- 
scribing the distribution. 
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Review Questions 


. What type of climate is shown in picture AP 


What type of climate is shown in picture BP 


. What happens to solar energy falling on the 


grass in AP 


. What happens to solar energy falling on the 


pond in AP 


. What happens to solar energy falling on the 


sand in BP 


. Why is the water of the pond at A usually 


warmer at the top than at the bottom during 
the summer months? 


. Why is the water at the top of the pond often 


colder than the water at the bottom of the 
pond during the winter months? 


. When can the wind mix the pond water most 


easily? 


. Why does air above the sand in B become 


very hot during the summer months? 

Why does the air above the sand become 
very cold during the night? 

Why do air temperatures change less from 
hour to hour in the climate shown at A than 
in the climate shown at BP 

Why do some soils absorb more heat than 
others? 

Why do the equatorial regions generally have 
much rainfall? 

How do ocean currents influence climate in 
an area? 

Why is the region east of the Rocky Moun- 
tains rather dry? 





Thought Questions 


. Why can snow remain all year on mountain 


tops at the equator? 


. Why is there a strong current passing west- 


ward well beneath the surface at the Straits 
of Gibraltar? 


. Why is all but the eastern side of Australia 


rather arid? 


. What happens to the solar energy falling on 


this shallow pond? 
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Watching the Sky 


People in ancient times watched the sky closely, seeing much that puz- 
zled them. For centuries, these early sky watchers thought that some 
magic or the gods in which they believed caused the movements of objects 
in the sky. Gradually, they realized that motions of most objects in the 
sky are regular and can be explained by mechanical models. 

The earliest models were simple because so little was known about the 
sky. New facts were continually discovered, however, and models had 
to be changed to fit them. The process of change is by no means ended. 
New information about the sky is constantly being obtained and we may 
expect that today’s ideas and today’s models will be replaced again. 
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OUR VIEW OF THE SKY 


We view the sky as though it is a large bowl over our heads. The 
sun, moon, planets, and stars appear to be on the inside of this bowl. 

Astronomers think of the bowl as continuing all around the earth to 
form a perfect globe. Such a sky globe is imaginary, of course; it is 
well known today that objects in the sky are at different distances from 
the earth. Nevertheless, the idea of a sky globe that bears all objects in 
the sky is helpful in understanding the changes that we see there. 


The Horizon. Our view of the sky 
is cut off by hills, trees, and other 
objects around us. The line along 
which our view of the sky ends is 
called the horizon. 

The horizon changes as we move 
from place to place. It is irregular 
in mountainous regions. What hap- 
pens to the horizon as we go into a 
deep valley? What happens to the 
horizon as we climb a high mountain 


Horizontal line 


Carpenter’s level 


peak? Describe the horizon as seen 
from a boat in mid-ocean during 
calm weather. 

Astronomers need a constant hori- 
zon for making measurements. They 
use an imaginary line which they call 
the true horizon. The true horizon 
is located by sighting over a level 
surface as shown below. Why is 
the line of sight called a horizontal 
line? 





Locating Objects in the Sky. An 
object can be located on the sky 
globe by sighting it and then meas- 
uring the angle between the line of 
sight and a horizontal line. This 
angle is called the angle of elevation 
of the object. 

Angles are measured by means of 
an instrument called a protractor. A 
protractor may have the shape of a 
circle but the more familiar form has 
the shape of a semicircle. The circu- 
lar type is divided into 360 equal 
parts called degrees. Into how 
many degrees is a semicircular pro- 
tractor divided? 

Measuring Angles of Elevation. 
Some type of sighting device is 
needed to measure angles of eleva- 
tion. Astronomers usually use tele- 
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scopes for this purpose but simpler 
devices are easily made. 

Push a straight pin through the 
ends of two soda straws as shown be- 
low. Hold one straw level. Move 
the other straw until you can sight 
along it at an object in the sky. 
Then lay the straws on a protractor 
to measure the angle between them. 
(CAUTION: Do not try to measure 
the angle of elevation of the sun in 
this way; direct sunlight can damage 
the eyes. ) 

Find the angle of elevation of the 
moon and other objects in the sky. 

Set the sighting device at 45° and 
locate a point on the sky globe that 
is 45° above the horizon. Estimate 
other points on the globe and check 
them with the sighting device. 
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The Nighttime Sky. A study of 
the nighttime sky with all its stars 
provides the best understanding of 
positions and motions of objects in 
the sky. Plan to make at least three 
observations one hour apart during 
a clear, moonless night. Make ob- 
servations over a longer period, if 
possible. 

Finding the North Star. The 
North Star is one of the most useful 
stars for finding directions and loca- 
tions on the earth. Unfortunately, it 
is not a very bright star and the con- 
stellation in which it is found is not 
always easy to pick out. 

Look first for the Big Dipper, a 
constellation that contains seven 
very bright stars: This constellation 
West Facing North East is on your right when you face the 
place where the sun went down. 
Draw an imaginary line through the 
two stars at the end of the bowl of 
the Big Dipper. This line points to 
the North Star. 

Finding True North. The North 
Star lies almost directly over the 
North Pole of the earth. Thus, it 
can be used to locate true north. 

Sight over a magnetic compass at 
the North Star. Is there a difference 
between magnetic north and true 
north? If so, how great is the differ- 
ence? 

The earth’s magnetic north pole 
does not lie exactly upon its geo- 
graphic north pole. Therefore, com- 
passes in some parts of the world 
point east of true north; compasses 
in other places point west of true 
north. In only one section of Canada 
do compasses point to true north. 


¥ North Star 
e 
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Finding Other Stars. Above are 
shown some of the constellations 
seen in the northern autumn skies 
during the evening. Look for these 
constellations and pick out the bright 
stars named on this chart. 

Visit your school library and find 
astronomy books which give charts 
for the southern skies and for other 
times of the year. To use one of 
these charts, hold it over your head 
as shown on the opposite page. Be 
sure that north on the chart points 
toward the North Star. 

Brightness of Sky Objects. Sky 
objects are classified according to 
their brightness and given magni- 
tude numbers. The brightest stars 
are said to have magnitudes around 
1, less bright stars have a magnitude 
of 2, and soon. The fainter the sky 
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object, the larger the magnitude 
number. A person can see fifth mag- 
nitude stars on clear nights with the 
unaided eye. 


Key to Magnitude of Stars shown above 


| Magnitude 
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The stars on the chart above are 
shown by symbols that tell their 
magnitude. A key for these symbols 
is given above. What is the bright- 
ness of the North Star? What is the 
brightness of the stars making up the 
Big Dipper? Does Cassiopeia or 
Draco have the brighter stars? 





Measuring the Night Sky. The 
pointer stars of the Big Dipper are 
separated by about five degrees. 
Use this value to estimate the num- 
ber of degrees between the Big Dip- 
per and the North Star. Estimate 
the number of degrees between the 
North Star and the constellation Cas- 
siopeia. Estimate the angle of ele- 
vation of the North Star. 
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Thumbtack 


Cardboard ' 


protractor 


Straight stick 


Thread 


Nail for weight 


Horizontal line we Weight 


Vertical and Horizontal. A weight 
hanging from a thread points to- 


ward the centre of the earth. The 
line that is formed by the thread is 
called a vertical line. What angle 
does a vertical line make with a hori- 
zontal line? 

Use a thread with a weight at the 
end to find two stars that lie along 
a vertical line on the sky globe. 
Find the point on the horizon that is 
directly beneath the North Star. 

A Sky-Measuring Device. The 
sighting device shown below meas- 
ures angles of elevation more accu- 
rately than the soda straws which 
were used before. This device meas- 
ures from a vertical line rather than 
from a horizontal line. 

Centre the protractor carefully on 
the stick and fasten it in place with 
two thumbtacks. One thumbtack 
should pass through the centre mark 
of the protractor; this thumbtack 
supports the thread and weight. 

Use this sighting stick to locate 
the true horizon. Also find a star 
that is almost directly overhead. 
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Changes in Star Elevation. Use 
the sighting stick to measure the an- 
gle of elevation of the North Star. 
Sight along the stick at the star while 
the weight hangs free. Then press 
the thread against the protractor so 
that it cannot move while you read 
the angle. 

Measure the angle of elevation of 
each of several other stars. Choose 
a star in the east, one in the south, 





and another as 
Make 


one in the west, 
nearly overhead as possible. 
a record of the angles. 

Repeat the measurements one 
hour later, two hours later, and at 
the end of as many additional one- 
hour periods as possible. Study the 
changes in elevation for each star. 
Which star changed its position 
least? Which star changed its posi- 
tion most? 


The thirteenth and sixteenth century sighting devices shown here were used to 
measure angles of elevation before the days of telescopes. Study the pictures and 
explain how measurements were made. 
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The Sky Clock. Make a study of 
the changes in the position of the 
imaginary line that connects the 
North Star with the pointer stars of 
the Big Dipper. Lay the edge of 
your sighting stick along this line and 
measure the angle between it and 
the vertical thread. Repeat the 
measurement at one-hour intervals 
as long as possible. 

How many degrees did the line 
move in one hour? In two hours? 
Where would you expect to find the 
line at the end of six hours? Twelve 
hours? Twenty-four hours? 

Star Trails. The next page shows 
three photographs of the nighttime 
sky made by leaving a camera in a 


fixed position for several hours with 
the shutter open. What does each 
white line represent? 

Photograph star trails on a clear, 
moonless night. Place a camera ona 
tripod or other’ solid support in a 
place where street lights, headlights, 
and other lights cannot shine on it. 
Aim the camera at the northern sky. 
Set the lens opening as wide as pos- 
sible, set the shutter speed on “time 
exposure, open the shutter, and 
leave the camera undisturbed for a 
half hour or more. Then close the 
shutter. Have the film developed 
and printed. 

Photograph other parts of the sky 
in the same way. 





The above photograph was taken with the camera facing north, 
Which mark represents the North Star? Is the North Star exactly 
at the centre of rotation? Explain your answer. 

Use a protractor to calculate how long the camera shutter was 
left open. 

What direction was the camera facing to take the two smaller 
pictures? Check your answer by studying the observations from 
the activity two pages earlier. 
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A MODEL OF THE SKY 


The model above shows how astronomers picture the sky globe. The 
axis of the earth is extended outward in both directions so that it be- 
comes the axis of the sky globe as well. The north sky pole lies di- 
rectly over the North Pole of the earth and the sky equator lies directly 


over the earth’s equator. 


The amount that the axis of the model is tipped depends upon the lo- 
cation of the observer. The axis is always tipped so that the observer's 
position is at the top of the model earth. In the diagram above, the 
observer is about halfway between the equator and the North Pole of 


the earth. 


Daily Rotation. The sky appears 
to rotate about the earth once each 
day. This rotation brings the sun, 
stars, and other bodies into view for 
a few hours and then makes them 
disappear again. In which direction 


does the sky seem to move? 
Theories about sky motion have 
changed greatly during the past 
3,000 years. At one time, astrono- 
mers believed that the sky was a 
great rotating globe with the earth 
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at its centre. Today we believe that 
the earth rotates, thus making ob- 
jects in the sky seem to move. In 
what direction must the earth rotate 
to make the sun and stars appear to 
move as they do? 

Making a Model Sky. Stretch a 
rubber band around the widest part 
of a round-bottomed flask; this band 
represents the equator of the sky 
globe. Paste a gummed dot or star 
at the centre of the bottom of the 
flask, ~ Let this dot represent the 
north sky pole. Slip a disc of orange 
paper under the rubber band to rep- 
resent the sun. 

Put enough coloured water in the 
flask to fill it to the rubber band 
when the flask is held upside down. 
Then tilt the flask as shown above 
and imagine that you are in a small 
boat floating in the centre of the 
liquid. Where is the horizon? 

Turn the flask in the direction 
shown by the arrows on the dia- 
gram. When can the sun be seen? 
Where is the sun when it cannot be 
seen? 

Positioning the Sky Model. Cuta 
circle the size of the flask from the 
bottom of a shoe box. Mark the 
compass points around this circle. 

Make a protractor to fit around 
the flask as shown below. Fasten 
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the protractor along the north-south 
line, using gummed tape so that the 
protractor can be flolded flat when 
not in use. 

Line up the shoe box in the proper 
direction, using a compass to locate 
north and south. Place the flask in 
the opening of the shoe box. 

Finally, tilt the flask until the 
gummed dot has the same angle of 
elevation as the real North Star in 
your region. This angle has the 


same value as your latitude as shown 
by a map or globe. 





~ Angle of elevation 





Locating the Sky Pole. The North 
Star lies almost directly above the 
North Pole of the earth. Therefore, 
the paper dot that represents the sky 
pole on the model sky also represents 
the North Star. 
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Rotate the sky model. What hap- 
pens to the North Star while the sky 
rotates? Why is not the North Star 
seen during the daytime? 

How can you find the real sky pole 
on clear nights? 

The north sky pole can be found 
during the daytime by using a com- 
pass and a sighting stick. Tilt the 
sighting stick until the thread marks 
the angle of elevation of the North 
Star as measured by you at night. 
Ask someone to help you keep the 
stick tilted properly while you sight 
north over the compass needle. 
What would you be seeing if it were 
a clear night? 

Locating the Sky Equator. The 
device at the left can be used to lo- 
cate the sky equator at any time of 
day or night. The upper end of the 
bent wire points at the north sky 
pole. Note the relationship of the 
angles. 

Bend the wire as shown using the 
angle of elevation of the North Star 
as measured by you. Mount the wire 
in a block of wood in an upright po- 
sition. Then turn the base until the 
upper part of the wire points north. 
At what star is the upper end of the 
wire pointing? 

Punch two pinholes through the 
centre of a soda straw and mount the 
straw on the tilted part of the wire. 
The straw now points at the sky 
equator from any position to which it 
is turned. 

Trace the sky equator across the 
sky during the daytime. (CAU- 
TION: Do not look directly at the 
sun.) Is the sun on the sky equator, 
above it, or below it? 
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Why are they reversed? 


Circumpolar Constellations. Cas- 
siopeia and the two Dippers are 
called circumpolar constellations be- 
cause they are grouped around the 
sky pole. Mark these constellations 
on the sky model using a glass mark- 
ing pencil or gummed dots. 

Tilt the flask to the proper angle 
for your region and rotate it slowly. 
How do the movements of the dots 
compare with your observations of 
the real constellations? Explain the 
star trails left on the photographic 
film. 

Where are the circumpolar con- 
stellations during the daytime? If 
you could see them, in what positions 
would they be at different times 
throughout the day? 

Effect of Latitude. The view of 
the sky changes as the latitude 
changes, that is, as you move toward 


8:30 P.M.” December 





or away from the equator. Tilt the 
sky model until the North Star is di- 
rectly overhead. Where is the sky 
equator? From what place on earth 
does the sky appear in this position? 

Tilt the model until the sky equa- 
tor is directly overhead. What is the 
angle of elevation of the North Star? 
What location does this position rep- 
resent? 

Rotate the sky model in several 
different positions. Note the mo- 
tions of the circumpolar constella- 
tions in each position. Explain the 
two pictures below. 

What is the angle of elevation of 
the North Star at the North Pole? 
At the equator? At your location? 
Compare these figures with the lati- 
tudes of the same regions as shown 
by a map. How can a ship’s officer 
determine his latitude? 


New Orleans 8:30 P.M. December -1 2. 





MOTIONS OF THE SUN 


Earliest records show that man has long recognized the importance of 
the sun. The sun was considered so important that many ancient peo- 
ples worshipped it as a god. Their priests, studying the motions of the 
sun carefully, became the world’s first true astronomers. 

The 4,000-year-old ruins shown above illustrate the skill of early 
astronomers. This temple was built in such a way that the priests could 
predict the first day of summer and the first day of winter by watching 
for the appearance of the rising sun behind certain stones. 


Direction of the Sun. Make a cir- 
cle about one foot across on a sheet 
of cardboard. Use a protractor and 
a ruler to mark off ten-degree spaces 
around the circle. 

Lay the cardboard flat in sunlight 
with the zero point toward the 
north. Standal x 4 & 6inch board 
on edge along a radius of the circle. 
Turn the board until each face re- 
ceives the same amount of light. 
Then record the direction to the sun 
in terms of degrees from the north. 








Elevation of the Sun. Push in a 
pin halfway up one edge of the board 
used in the last activity. Stand the 
board on edge on a level surface in 
sunlight. Turn the board until the 
shadow of the pin falls across the 
board. Use a protractor as shown 
here to measure the angle between 
the shadow and the bottom edge of 
the board. This angle is the angle 
of elevation of the sun. 

Studying the Sun’s Daily Motion. 
Use the device just described to 
measure the position of the sun 
throughout the day. Take readings 
about once each hour and record 
your observations in a table like 
that shown at the right. 

At what time is the sun’s angle of 
elevation greatest? What is the 
greatest angle reached by the sun? 
What is the direction of the sun 
when it is at its highest elevation? 
What is the westward speed of the 
sun in degrees per hour? 

A Model of the Sun’s Daily Motion. 
Set up the sky model as before. Tilt 
the model so that the north sky pole 
has the proper angle of elevation for 


— in Angle of 
SY Shadow of pin Sh dat elevation 


= 








an ee 


a 


Sun’s Motion during Oct. 8 








your region. Tape a paper sun on 
the sky globe directly on the sky 
equator. Turn the sky model slowly. 
Compare the motion of this model 
sun with your observations of the 
real sun. 













Noontime Angle of 
Elevation of the Sun 


Seasonal Changes in the Sun’s 


Path. Select a window through 
which the sun shines at noon and 
tape a strip of paper across the beam 
of sunlight as shown above. Mark 
the position of the edge of the beam 
at noon each day for a week. Ex- 
plain the changes in the position of 
the beam. 
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Continue to record the position of 
the beam at noon throughout the 
school year. Also keep a record of 
the angle of elevation of the sun at 
noon and its position with regard to 
the sky equator. Record your ob- 
servations monthly on a chart like 
that shown here. 

A complete record of the sun’s 
noontime positions shows that the 
sun does not follow the same path 
each day. Its path is closer to the 
horizon at certain times during the 
year than at others. Its path also 
shifts from one side of the sky equa- 
tor to the other. 

The diagram below shows three 
different paths of the sun on the days 


June 21 


March 21- 
September 23 


December 21 


listed. Note that the position of sun- 
rise and sunset shifts as well as the 
noonday position of the sun. 

Where should the sun’s path be 
on April 21stP On May 21stP On 
January 21st? During which months 
of the year is the sun north of the 
sky equator? When is the sun south 
of the sky equator? 

A Model for Seasonal Changes. 
Add two more rubber bands to the 
model sky, placing each one about 
25° from the sky equator as shown 
at the right. Tilt the flask properly 
to represent the sky in your region. 

Slip the disc of coloured paper 
which represents the sun under one 
of the new rubber bands. Rotate 
the flask. What time of year is be- 
ing represented by the model? 
Change the disc to the other new 
rubber band and decide which date 
is being represented. Demonstrate 
the path of the sun at other times of 
the year. 

Attach three discs in a row as 
shown above and rotate the flask. 
Which sun rises first? Which sets 
first? Compare the length of time 
each sun can be seen in the sky. 
Compare the angle at which light 
from each sun would strike the earth. 
Discuss the effects of these condi- 
tions on the temperatures of soil and 
water. 

Effect of Latitude. The two pho- 
tographs on this page were both 
taken at noon. Change the tilt of 
your model sky until conditions rep- 
resent those shown in the photo- 
graphs. Discuss the date and lati- 
tude at which each of these pictures 
was taken. 
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THE SOLAR SYSTEM 


Your sun and star observations have been explained in terms of a sky 


globe which places the earth at the centre. 


Similar observations by 


early astronomers led them to believe that everything in the sky re- 
volved around the earth. However, the motions of the planets could 
not be explained readily by such a model. 

Four centuries ago, it was suggested that the sun might be the centre 


about which the earth and other planets revolve. 


This new theory 


helped to explain many puzzling observations about planets which did 


not fit the earth-centred sky model. 


A Scale Model Solar System. 
Make a scale model of the sun and 
each planet using the table on the 
next page. Usea scale of one inch to 
50,000 miles. Mercury's 3,100-mile 
diameter would be represented by a 
ball with a diameter of 4¢ inch, the 
size of the head of a pin. Slightly 
larger scale model planets can be 
made by dipping pins into molten 
wax or by using modelling clay. 
Bring in balls from home which are 
the correct size to represent the 
larger planets and the sun. 


Use the scale model planets to set 
up a scale model solar system on the 
school yard or football field. Use 
the same scale as above for the dis- 
tances between planets. How far 
away from the model sun is the pin 
head which represents Mercury? 
What is the radius of the scale model 
orbit of Pluto? 

The star nearest to the sun is 
about 25,000,000,000,000  (twenty- 
five trillion) miles away. How far 


away would this star be on the scale 
model? 
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VALUE OF SCALE MODELS. Sizes and distances in the solar system 
are so enormous that few people can picture them in their minds. Dia- 


grams in books give the wrong idea because they are never drawn to 
scale. Models which have been constructed to scale give the most ac- 
curate picture of large sizes and distances. 





The Ecliptic. The diagram below always are found along the eclip- 
shows the sun and planets within the tic in the sky. 


sky globe. The five planets on the 

















blue lines connecting the earth to SOLAR SYSTEM DATA 
the sky globe are the only planets 
that can be seen with unaided eyes. Drence 
Imagine you are standing on the Diameter from Sun 
Planet i il i il 
earth in the diagram below. As you ae emia! Cone), 
look at the sun and the visible plan- é paaaner 
3 un , 
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Oct. 15 at 8:30 P.M. Standard Time or June 15 at 4:30 A.M. Standard Time 


Locating Planets in the Fall Sky. 
The two sky views on this page show 
how the southern sky appears in the 
fall. The top picture shows the sky 
in the early evening. The bottom 
view shows the sky very early the 
next morning. Notice the sky equa- 
tor and the ecliptic in both pictures. 

The large double circles represent 





the five visible planets as they might 
appear along the ecliptic. Planets 
can generally be distinguished from 
stars by their apparent greater size 
and brightness. The planets change 
in brightness depending on their dis- 
tance from the earth and on how 
much of the planet’s surface reflects 
light to the earth. 





The Morning and Evening “Stars.” 


Imagine you are at position A on the 
Earth shown above. The time is 
about 5 a.m. at this location. What 
planet can be seen rising in the east 
ahead of the sun at this same posi- 
tion? 

The sun has just set at position B. 
What planet can be seen low in the 
western sky? 

Mercury and Venus can only be 
observed low in the western sky just 
after sunset or low in the eastern sky 
just before sunrise. For this reason, 
these bright sky objects are often 
called the morning and evening 
Stats 


Mercury 


The Six Colder Planets. The six 
planets pictured below all orbit fur- 
ther from the sun than does the 
earth. For this reason, less sunlight 
falls on each square inch, thus the 
surface is colder. These planets 
may be observed at any position 
along the ecliptic, from the eastern 
horizon through the southern sky to 
the western horizon. 

Prepare a report with several 
classmates about one of the planets. 
Use library references as well as cur- 
rent events material from the daily 
paper. Present your report in class. 
Take notes on the reports given 
about the other planets. 
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CHANGES IN THE MOON 


Few objects in space appear to 
change so much and so often as does 
the moon. This fact, plus the moon’s 
closeness and size, makes the moon a 
favourite object for observation and 
study. Accurate, worthwhile observa- 
tions of the moon can be made using 
inexpensive viewing equipment. 


First Day— Sunset 





Observing the Moon Change. 

ERP NewiGreccont Moon Ww Keep a daily record of the appear- 

ance of the moon and its position in 

the sky. Look for the moon in the 

Fifth Day—Sunset morning around sunrise as well as 

in the evening around sunset. Re- 

cord the date and time of the ob- 

servation. Make a drawing of the 

shape of the part of the moon that 

can be seen. Note the colour and 
other features of interest. 

Use the sighting stick shown be- 
low to measure the angle of eleva- 
E First Quarter Moon Ww tion of the moon. At the same time, 
record the direction of the point on 
the horizon directly below the moon. 





Eight Day—Sunset 


© 


Angle of 
elevation 


E New Gibbous Moon W 4 


Twelfth Day—Sunset 7 
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E Full Moon WwW 





Interpreting the Moon Observa- 
tions. Study the moon data which Thirteenth Day—Sunrise 
you have collected. Describe the 
changes in the bright part of the 
moon. How many days does it take 
for the changes in the moon to be 
repeated? 

From your data, predict when the 
next full moon will occur. Check 
your predictions. Does the moon 
behave in a predictable way? 

Where does the moon rise? 
Where does it set? Note the days 
when the moon was visible in the Fifteenth Day—Sunrise 
morning. What daily changes did 
the moon make in its position in the 
sky? 

Compare your observations of the 
moon with the eight different draw- 
ings of the moon shown on these two 
pages. The drawings showing the 
sun on the western horizon represent 





E Full Moon W 





observations made in the evening. EF Old Gibbous Moon ss 
The drawings showing the sun on 

the eastern horizon represent ob- 

servations made in the morning. Nineteenth Day—Sunrise 


SHAPE AND POSITION OF MOON 





E Third Quarter Moon WwW 


Twenty-Second-Sunrise 





E Old Cresent Moon W 





Phases of the Moon. The different shapes of the 
moon which you observed during the month are 
called phases. Note the phases of the moon shown 
at the left. Other phases of the moon are called 
old gibbous, third quarter, and old crescent. These 
phases appear similar to the top three photographs 
at the left when the page is turned upside down. 
When none of the brightly lit surface of the moon 
can be seen from the earth, the phase is called new 
moon. 

Phase Changes Similar to the Moon. Set up a 
projector, a white ball, and a stool for the activity 
shown below. Remove the lens from the projector. 
Imagine that the projector is the sun, the ball is the 
First Quarter moon, and the stool is the earth. 

Sit on the imaginary earth. Notice that the 
region you view from the earth is shaped like a 
dome. Let the region to your left represent east, 
overhead is north, to your right is west, and down is 
south, as shown below. 

Slowly turn yourself and the imaginary earth in 
the direction shown by the arrow. In what direc- 
tion does the sun appear to rise? To set? In what 
direction does the moon appear to rise? To set? 

Note the shape of the imaginary moon when it 
is viewed in the position shown below. Keep the 
imaginary earth turning slowly and at the same 
time move the moon slowly around the earth. Ex- 
periment to discover which way the moon must 
pein Maen move to change phases in the same manner the 
real moon does. 


New Crescent 


"New Gibbous 











Earthshine. Examine your obser- 
vations of the phases of the moon. 
Can the darkened part of the moon 
be seen in some of the phases? Dur- 
ing what phases? At what time of 
day? 

The faint light which makes the 
dark part of the moon visible is 
called earthshine. TEarthshine can 
be seen just after sunset when the 
moon appears in the new crescent 
phase. 

Study the diagram of the sun, 
earth, and moon above. The black 
line shows how sunlight reflects 
from the moon to the earth. What 
phase is produced? The blue line 
shows how earthshine occurs. Light 
from the sun reflects from the earth 
to the dark side of the moon and 
back to the earth again. 

Make a diagram of the sun, earth, 
and moon with the moon in the gib- 
bous phase. Use the drawing to 
help explain why earthshine is not 
noticeable at this time. 

Moon Data. The moon has a di- 


ameter of about 2,160 miles. The 
moon orbits the earth in a nearly cir- 
cular orbit at a distance of about 
240,000 miles. 

The moon takes 29% days to 
change through all its phases. These 
phase changes are caused by the 
moon orbiting the earth, thus differ- 
ent amounts of the sunlit moon sur- 
face can be seen from the earth. The 
same side of the moon always faces 
the earth as the moon travels in its 
orbit. 

Scale Model of the Earth and 
Moon. The drawing below repre- 
sents scale drawings of the earth and 
moon. The scale in this drawing 
is one inch to 8,000 miles. The space 
between the earth and moon is not 
correct for this scale. 

Estimate how far away the moon 
should be for the scale used in the 
drawing below. Check your esti- 
mate by calculating the scale dis- 
tance between the earth and moon. 
The distance from the earth to the 
moon is given in the previous section. 
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Exploring the Moon by Telescope. 
The above map of the moon was 
made from photographs taken 
through a high power telescope. 
However, the larger features can be 
seen with field glasses or a low power 
telescope. 

The mountains of the moon seem 
to be much steeper and more rugged 
than those of the earth. The craters 
are somewhat like the earth’s vol- 
canic craters or the craters produced 





when huge meteorites strike the 
earth. The level areas were once 
thought to be seas but are now 
thought to be dry plains. However, 
they are still called “seas” on most 
maps of the moon. 

Study the surface of the moon 
with field glasses or a telescope for 
several nights. Draw a map and 
label the features that you find. 

Do you ever see more than one 
side of the moon? 
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Experimental Research 


1. Make a simple two-lens telescope. These tele- 
scopes contain one thick lens and one thin 
lens. The thick lens may be a high-power 
magnifying lens; the thin lens may be taken 
from a reading glass. Kits of such lenses are 
sold by some hobby shops. Two cardboard 
tubes, one sliding in the other, are also needed. 

Hold the lenses as the girl in the picture is 
doing. Move the lenses back and forth until 
you see a magnified image of objects far away. 
Is the image right side up or upside down? 
Ask someone to measure the distance between 
the lenses while you are looking at the image. 

The outer tube should be a little shorter 
than the distance between the lenses. Fasten 
each lens in place with two rings of cardboard 
which are glued to the tube as shown here. 

2. Locate the Milky Way in the sky using a sky 
chart. Look at part of the Milky Way through 
your telescope. Count the number of stars 
you can see, holding the telescope in one posi- 
tion. Use your telescope to look at a part of 
the sky which is not in the Milky Way. Again 
count the number of stars you can see. Com- 
pare the number of stars. 
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3. Use the telescope to study the moon. Note Thick lens ea Thy 
details along the line separating the dark and 
light portions of the moon. 

4. Use the telescope to study the Pleiades shown 
below and other star clusters in the sky. Use 
a sky chart or other reference material to lo- 
cate the position of star clusters in the sky. 
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. Line up the heads of two pins to point di- 


rectly at a star in the sky. Measure how long 
the earth takes to make exactly one rotation 
by noting the time required for the pins to line 
up again with the star. Explain why the 
time is not exactly twenty-four hours. 


. Some people say the moon is bigger when it 


first rises than when it is overhead. Stick two 
pins upright in the end of a yardstick. Place 
the pins so that the moon appears to just fit 
between the pins, as shown at the left. Then 
check the width of the moon when it is over- 
head. Compare the diameters. 


. Measure the space between the pins in the last 


activity. Ask a mathematics teacher to ex- 
plain how the diameter of the moon can be 
calculated. The moon is about 240,000 miles 
from the earth. 


_ Use a rubber band to add an ecliptic to your 


sky model. In the sky near Orion, the ecliptic 
is 234° above the equator. In the sky op- 
posite Orion the ecliptic is 23° below the sky 
equator. Use a star chart to add more constel- 
lations to the sky model. Experiment with a 
model sun at different dates on the ecliptic. 
Discover what constellations are visible in the 
evenings on these dates. 

Use a ruler held at arm’s length to locate the 
position where the sun rises or sets each day. 
Take measurements from the same place each 
time. Use a prominent feature from which 
to measure the distance, as shown below. 
Keep a record of your observations during the 
year. 
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Other Investigations and Projects 


Many additional sky objects can be studied 
in addition to the topics in this chapter. 
These sky objects include galaxies, star clus- 
ters, nebulae, comets, meteors, and the north- 
ern lights. Pictures showing an example of 
each of these sky objects are shown on this 
page. Prepare a report about one of these 
sky objects with a group of classmates. 
Learn where to locate each object in the 
sky. Then, during an evening sky-viewing 
session, point out examples of the sky objects 
you have studied. 

Prepare a chart which shows the times dur- 
ing the year of maximum meteor activity. 
List the dates of these meteor showers and 
the constellation in the sky from which the 
meteors appear to come. 

Prepare a table which lists the position of 
each planet in the sky each month during the 
coming year. Display the table on the sci- 
ence class bulletin board. 

Make drawings of some of the constellations. 
Put the drawings and a short story which 
tells how each constellation got its name on 
the bulletin board. 

Prepare a report about one of the scientists 
for whom a moon crater is named. 

Use an optics supply catalog to find the cost 
of a telescope mirror grinding kit. Report 
your findings to the class. 
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_ Make a sundial similar to one of the sundials 


shown here. Set up and keep records of the 
accuracy of the sundial. Prepare a report on 
the history of the sundial. 


. Prepare a report on other methods used to 


keep time, such as sand glasses, water clocks, 
and candles. 


_ Make the sundial shown below which will 


tell the time and date. Explain how it works. 
Keep records of its accuracy. 

Take star trails using high speed Ektachrome 
film. Use library references to explain the 
different coloured trails. Report your find- 
ings to the class. 

Count the number of stars in the sky. To do 
this, divide the sky into eight equal sections, 
then count the stars in one of the sections 
and multiply by eight. 

Look up and learn the meaning of the follow- 
ing terms used in astronomy: altitude, azi- 
muth, declination, celestial meridian, a.M., 
P.M., precession. 

Visit an amateur astronomer. Report your 
observations to the class. 

Prepare a display of the constellations of the 
zodiac. Tell why they are important. 
Prepare a bulletin board display about the 
sun temple at Stonehenge, England, and/or 
other sun temples. 

Prepare a display of the recent history-mak- 
ing progress in man’s attempts to get to the 
moon and the planets. 

Prepare a list of the largest telescopes in the 
world. 

Visit a local planetarium or observatory. Re- 
port on your visit to the class. 

Make a classroom planetarium and dome. 
Construct the dome by taping together large 
cardboard triangles. Paint the underside of 
the dome light gray. Use a small planetar- 
ium projector to project the stars onto the 
sky, or paint the constellations on the sky in 
the proper positions. 

Take star-trail photographs during a meteor 
shower. Look carefully at the pictures for 
meteor trails (Note: Meteor trails are rela- 
tively rare). 
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Prepare and display a table of useful infor- 
mation about each planet, such as size, dis- 
tance from the sun, and so on. 
Prepare a report about the importance of the 
spectroscope to astronomers. 





Review Questions 


Define angle of elevation, sky pole, sky equa- 
tor, ecliptic, and true horizon. 
What is the latitude of your location? 


3. Describe the daily motion of the sun, moon, 


and stars in the sky. 

Describe the yearly changes in the sun’s path 
across the sky. 

Why is June 21st a national holiday in coun- 
tries such as Iceland, Norway, Sweden, and 
Finland? 

Describe the regular changes in the shape of 
the moon. 

How long does it take for the moon to go 
around the earth? 

Describe the surface of the moon. 

Name and locate five constellations. 

How many degrees per hour does the sky 
appear to move? 

Name the nine planets in order from the sun. 
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Thought Questions 


. From what direction is the sun shining on the 


moon in the photograph above? 


. Why do star-trail photographs not show com- 


plete circles? Is there any place on earth 
where complete circles could be _ photo- 
graphed? Where? When? 


. Why is Venus never seen with the side to- 


ward the earth completely lighted? 


. Can Venus be seen at midnight? Why? 
. What evidence do you have that the earth is 


round? 


. How might space travel add to our scientific 


knowled ge? 


. Where is the Big Dipper in the daytime? 
. During what phase of the moon should a 


rocket be launched to take pictures of the 
back of the moon? 


. The three photographs shown at the left were 


taken with the same camera and telescope. 
They are taken of Venus about nine weeks 
apart. How do these photographs provide 
evidence that Venus orbits around the sun? 
A student took the star-trail photograph be- 
low, claiming that the trail through the pic- 
ture was a meteor. What other explanation 


can you give? 
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The Earth in Space 


Astronomers made important observations about the earth thousands of 
years ago. Many correct conclusions were made about the shape, mo- 
tions, and other features of the earth. Unfortunately, this scientific 
method of making conclusions based on observations was not considered 
the correct way to find out information then. Thus, many ideas which 
we now accept about the earth were not accepted at that time. 

Today man observes the earth and draws conclusions based on his ob- 
servations. The practice of drawing conclusions made on observations 
is an important part of modern science. As better observational methods 
are developed, some of our ideas about the earth might change. 
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THE LAWS OF MOTION 


Many of our notions about the earth are based upon studies of small 
objects such as tops, pendulums, and magnets. Ideas gained from ex- 
periments with small objects are applied to objects too large to be stud- 
ied in the laboratory. Of course, it is necessary to assume that large 
objects behave in the same way as small objects. 

Some of the most helpful of these applications were made by Isaac 
Newton about 300 years ago. He summarized his knowledge of the be- 
haviour of moving objects in a few short statements. He then used these 
statements to explain the behaviour of planets and their moons. Since 
then, his statements have been known as Newton’s Laws of Motion. 


Inertia. Newton’s First Law of 
Motion deals with an imaginary situ- 
ation. Nevertheless, it is a very use- 
ful law. Newton assumed that an 
object could be in a place where no 
forces whatsoever could act upon it. 
He stated that the object would not 
move if it were already at rest, and 
that if the object were already mov- 
ing, it would continue to move in a 
straight line without changing 
speed. 

All objects with which we can ex- 
periment are affected by many forces, 
such as gravity, friction, and magnet- 
ism. However, we can see how 
Newton’s First Law applies when we 
roll a ball across a smooth surface. 
The ball continues to roll even after 


the pushing stops. The speed of the 
ball gradually decreases because of 
friction, but we can imagine that the 
ball would keep on rolling at con- 
stant speed if there was no friction. 

The tendency of an object to re- 
main at rest or to continue in motion 
is commonly called inertia. This 
term is not always well understood. 
Some people use it to explain why 
objects move or fail to move, but no 
one knows why objects behave in 
this way. Some people also speak 
of the “force of inertia” but there is 
no such force. The word inertia is 
only a short way of stating Newton's 
First Law. 

Newton used his First Law to ac- 
count for the behaviour of objects in 
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space. He assumed that space is a 
vacuum in which there could be no 
friction. The moon, planets, and 
stars, once in motion, would con- 
tinue to move in straight lines for- 
ever unless acted upon by forces. 

The Second Law. When a person 
exerts a push (force) against a 
wagon at rest, it accelerates (picks 
up speed). A hard push accelerates 
the wagon more than a light push. 
Stating Newton’s Second Law in 
general terms: the greater the force 
acting on a body, the greater is the 
acceleration or deceleration. 

When a force is exerted against an 
empty wagon, the wagon changes 
speed more quickly than if the same 
force is exerted on the wagon Carry- 
ing a person. The property of the 
wagon which has changed is called 
mass. The wagon and person pos- 
sess more mass than does the empty 
wagon. Thus, when the same 
amount of force is applied to two 
different masses, the speed of the 
smaller mass will change more 
quickly. 

Reviewing the First and Second 
Laws. Many important ideas which 
follow in this chapter are based on 
an understanding of Newton’s Laws 
of Motion. Discuss the following 
examples to test and strengthen 
your understanding of these ideas. 


1. Why does a bicycle coast after pedal- 
ling it to a high speed? 

2. Why does a car tend to tip over if 
it turns a corner sharply? 

3. A baseball stings your hands if it is 
caught stiff-armed. Why do your 
hands sting much less when your 
arms “give” as the ball is caught? 
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(1 ) Moon path predicted by first law. 
(2) Observed moon path. 

(3) 
_ prevents moon from following path (1 
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@ Moon 

4. Why can a person accelerate his bi- 
cycle more quickly when he rides 
alone? 

Gravity. According to Newton’s 
First Law, the moon would travel in 
a straight line through space unless 
some force were to act on it. New- 
ton knew that the path of the moon 
was actually curved toward the earth 
at all points. Thus, the moon acted 
as though a force were always acting 
on it, accelerating it toward the 
earth. Newton called this force 
gravity. 

Today, Newton’s laws and _ his 
ideas about gravity can be used to 
explain many observations. How- 
ever, scientists cannot explain all the 
motions of the planets using New- 
ton’s laws. In this century, Dr. 
Einstein proposed a completely dif- 
ferent set of ideas to explain motion 
and gravity. Einstein’s theories can 
explain more of the motions of the 
planets than can Newton’s laws. 

Perhaps someday a truer explana- 
tion of motions and gravity will be 
known. Until then, people will con- 
tinue to use the present theories to 
predict how matter will behave. 
Newton’s laws are convenient and 
sufficiently accurate for most cases. 
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of Mass. Balance a 


Centre 
wooden rod, such as a pencil, on a 


finger. Mark the point of balance 
on the rod. 

Push one end of the rod slowly off 
the edge of a table. At what posi- 
tion is the rod’s point of balance 
when it falls off the table? 

Put a large one-hole stopper on 
one end of the rod and a small stop- 
per on the other end. Locate the 
balance point. Again note the posi- 
tion of the balance point as the rod 
and stopper are pushed off the edge 
of the table. 

The behaviour of the wooden rod 
can be described by considering that 
the mass of the rod is centred at 
one point. This point is called the 
centre of mass. Where is the centre 
of mass when the rod is balanced? 
Where is the centre of mass at the 
instant the rod falls off the edge of 
the table? 

Revolving Objects. Pound a small 








Nail 


nail into the centre of the wooden 
rod as shown above. Hold the nail 
and twirl the device. Note that the 
rod does not revolve smoothly. 

Move the nail to a different posi- 
tion and twirl the rod again. Re- 
peat this process and locate the 
point around which the object re- 
volves smoothly. Compare the posi- 
tion of the centre of mass with the 
point around which the device re- 
volves smoothly. 

Throwing a Revolving Object. 
Wrap a narrow strip of white adhe- 
sive tape around the centre of mass 
of the rod and stoppers. Toss the 
device from one hand, up in the air, 
and back down to the other hand. 
Describe the path which the smaller 
rubber stopper takes as it travels 
from one hand to the other. De- 
scribe the path which the centre of 
mass takes. 

Compare your observations with 
the multi-flash photograph below. 
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The Earth-Moon System. The 
picture above shows the earth and 
moon in orbit around the sun. Note 
that the centre of mass of the earth- 
moon system travels in a smooth or- 
bit around the sun. The moon and 
the centre of the earth each travel 
in orbits around their common cen- 
tre of mass once each month. 

The centre of mass of the earth 
and moon has been calculated to be 





3,000 miles from the centre of the 
earth in the direction toward the 
moon. The centre of mass is 1,000 
miles below the surface of the earth. 
The diagram below shows the po- 
sitions of the earth and moon at one 
week intervals as they revolve 
around their common centre of mass 
once each month. Note the smooth 
path which the centre of mass fol- 
lows. 
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Behaviour of a Falling Body. Set 
up the apparatus shown above, using 
long strips of carbon paper and 
white paper, each 1 inch wide. Re- 
lease the paper strips as the door- 
bell rings. The pattern of dots pro- 
duced on the white paper records 
the position of the falling paper each 
time the doorbell hammer hits the 
bell. 





Note the space between the dots 
on the strip of white paper. The 
spacing of the dots is a record of the 
speed of the falling paper. Was the 
paper falling at a constant speed or 
was its speed changing? How do 
you know? Explain the position of 
the dots on the paper in terms of 
Newton’s Laws of Motion. 

A Force Called Gravity. Isaac 
Newton developed the idea Grea 
force, called gravity, to explain why 
moving moons and planets did not 
travel in straight lines. Newton 
proposed that an attractive force 
(gravity) exists between all objects. 
The amount of force depends on the 
masses of the two objects. The 
greater the two masses are, the 
greater is the attractive force be- 
tween them. 

Two objects, such as a book and 
a pencil, have small masses and exert 
only a very small attractive force on 
each other. Both the book and pen- 
cil are attracted with much greater 
force to a much larger mass, the 
earth. Any attraction that the book 
might have for a pencil, a -large 
building, or a mountain is usually 
hidden by the much larger attraction 
between the book and the earth. 
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The Distance the Paper Falls. 
Number the dots from the starting 
point on the paper strip as shown 
on the previous page. Measure the 
distance between each two neigh- 
bouring dots to the nearest one thirty- 
second of an inch. Record these re- 
sults in a table as shown above. 

Time between Bell Rings. Cut a 
circle from thin cardboard so that 
the circle is two inches larger in di- 
ameter than the turntable on a 78 
r.p.m. record player. Deposit soot 
from a candle flame along the outer 
inch of the cardboard disc. Touch 
the ringing bell hammer against the 
revolving disc, as shown below, and 
record the vibrations of the bell 
hammer. 

How many times does the ham- 
mer strike when the disc makes one 
revolution? A 78° r.p.m. record 
player makes 1.3 revolutions per sec- 
ond. How many times does the bell 
hammer strike in 1.3 revolutions 
(one second)? What is the time in- 
terval between each strike of the 
hammer? 

Calculating Speed and Accelera- 
tion. Divide the distance between 
the first two dots on the paper by 
the time between strikes of the bell 
hammer. The result is the average 
speed (in inches per second) of the 
falling paper as it began to fall. 
Calculate the speeds for the paper 
as the other spaces were being made. 

Divide each calculated speed by 
12 to change the speed units to feet 
per second. Make a graph of the 
speed of the falling paper at differ- 
ent times, as shown at the right. 

Use the graph to estimate the in- 
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Time Velocity 


Velocity 


Interval Distance (in./sec ) (ft /sec ) 


O—Ist dot 
1—2nd dot 
2—3rd dot 
3—4th dot 
4—5th dot 
5—6th dot 
6—7th dot 





crease in speed of the falling paper 
in one second. This value is called 
the acceleration due to gravity. 
Compare your value for the accelera- 
tion due to gravity with values given 


in physics books. 
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Ocean tides 


Gravity and Tides. 
are often described as resulting from 
gravitational attraction between the 


sun, moon, and earth. Some ob- 
servations about tides can be ac- 
counted for on the basis of gravita- 


tional attraction. Other _ tidal 
observations cannot be explained so 
simply. 


High and Low Tides. The photo- 
graphs shown here were taken along 
the Atlantic Coast at the Bay of 
Fundy. The first photograph was 
taken at low tide. The second pho- 
tograph was taken 6 hours 12% min- 


High and 


utes later at high tide. 


ay Spring Tides 


Sun 








low tides generally occur twice a 
day at regular intervals. Tides usu- 
ally arrive about 50 minutes later 
each day. 

Tidal Range. Tidal range is the 
difference in the levels of the sea at 


high and low tides. Tidal range 
along seacoasts averages about three 
feet but some places, such as the 
Bay of Fundy, have tidal ranges as 
great as 60 feet. 

Although tidal range on the coasts 
of continents averages three feet, 
the tidal ranges at ocean islands are 
usually much less and many scien- 
tists feel that the tidal range in mid- 
ocean is only a few inches. They 
believe that the tidal range of a few 
inches has a piling-up effect in the 
shallow water near the shores of 
continents. Unfortunately, no one 
has ever yet devised a method of 
measuring tidal range in the middle 
of the oceans. 

Usually tidal ranges are greatest 
when the moon is full or in the new 
moon phase. These tides are called 
spring tides. Tidal range is least 
when the moon is in the first and 
third quarter phases. These tides 
are called neap tides. 
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The diagram on the previous page 
shows the positions of the high and 
low tides during the new moon. 
Note the bulges of water (high tides) 
on the opposite sides of the earth. 
Which bulge can be explained by 
gravitational attraction between the 
water and the sun and moon? 

The figure at A on the earth is at 
low tide. Where will this figure be 
six hours later on the spinning earth? 
Twelve hours later? 

The moon is believed to exert a 
greater attractive force on the wa- 
ters of the earth than does the sun, 
because the moon is so much closer. 
Propose an explanation why tidal 
range is not so great when the moon 
is at position B. 

The Tidal Bulge Away from the 
Moon. Make the apparatus shown 
above, using a large two-hole stop- 
per, a small one-hole stopper, a pen- 
cil, and a pin. Grease the pencil 
and push it through one hole of the 
large stopper. Stick the pin through 
the small stopper and into the side 
of the large stopper next to the pen- 


_ 
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cil. Hold the device as shown and 
pile sand on top of the two-hole 
stopper. 

Turn the pencil slowly until some 
of the sand flies off the top of the 
stopper. From where on the stop- 
per did the sand fly off? Use New- 
ton’s First Law to explain why the 
sand leaves the stopper. 

The picture below shows the 
monthly path taken by the moon 
and earth as they revolve around 
their centre of mass. How does in- 
ertia explain the bulge of water on 
the side of the earth away from the 
moon? 





Tidal bulges 





Pendulums. Set up a pendulum 
in front of a chalkboard as shown 
here. Mark level lines on the board 
behind the pendulum. Pull back 
the weight and let it swing. Com- 
pare the height from which the pen- 
dulum weight falls with the height 
to which it climbs at the other side 
of its swing. 

When is the pendulum accelerat- 
ing? What force acts on the pen- 
dulum to accelerate it? Where is 
the velocity of the pendulum great- 
est? When is the pendulum decel- 
erating? What force acts on the 
pendulum causing it to slow down 
and stop? 

Swing the pendulum again. Use 
a pencil to block the string of the 


Number of Swings/Min 
Number of Swings/Min 


Weight 


_ Length 


swinging pendulum as shown above. 
Compare the height of the pendu- 
lum at each end of its swing. 
Variables Affecting Pendulums. 
Set up experiments to study what 
effect different variables have on the 
number of swings a pendulum makes 


in one minute. Study three vari- 
ables: (1) the weight on the end of 
the pendulum, (2) the length of the 
pendulum, and (3) the angle of 
swing of the pendulum. Make cer- 
tain that other possible variables do 
not affect the results. 

Record your findings on three 
graphs like the ones shown below. 
Use the data on these graphs to de- 
cide which variables determine how 
fast a pendulum swings. 


Number of Swings/Min 


Angle of Swing 
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Changing the Pull on a Pendulum. 
Set up a pendulum with a steel 
weight. Count the swings the pen- 
dulum makes in one minute. In- 
crease the attractive force pulling on 
the pendulum by placing a magnet 
(or electromagnet) below the bot- 
tom of the swing of the pendulum. 
What happens to the number of 
swings which the pendulum makes 
per minute? 

Increase the attractive force by 
moving the magnet closer. Explain 
the change in the pendulum in terms 
of Newton’s Laws of Motion. 

Gravity and Pendulums. The reg- 
ular swing of a pendulum was used 
to make the first accurate clocks. 
Many clocks still exist today which 
use pendulums. From your studies, 
what would you suggest to be the 
best method to speed up a pendu- 
lum clock which was keeping time 
too slowly? Should the pendulum 
be made to swing through a shorter 
distance, should the weight of the 
pendulum be increased, or should 
the length of the pendulum be de- 
creased? Check your answer by 
noting the method of adjustment 
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next time you see a pendulum clock. 

The amount of force which pulls 
downward on a pendulum deter- 
mines how many swings the pendu- 
lum makes per minute. Usually 
gravity is the only force which deter- 
mines how fast the pendulum 
swings. Thus, the gravitational at- 
traction at different places can be 
measured by studying the same pen- 
dulum at each place. From such 
studies, gravitational force is found 
to be greater in valleys than on 
mountain tops. The force is also 
greater at the top of a mine than 
down inside the earth. From these 
observations, scientists conclude 
that the earth’s gravity increases as 
the earth’s outer surface is ap- 
proached, whether travelling from 
space or from within the earth. 

Newton said that the acceleration 
due to gravity increases as the mass 
of the body which attracts the pen- 
dulum gets greater. Thus, a pen- 
dulum would swing faster on a 
planet of greater mass, such as Sat- 
urn. Should a pendulum swing 
faster on the surface of the earth or 
the surface of the moon? 







7901 miles 


7927 miles 


Pendulums and the Earth’s Shape. 
Tie a weight to the end of a string. 
Make the string long enough so that 
the weight swings from one side to 








Effect of Latitude on the Length of a 
Pendulum Which Swings Once per Second 





Latitude Pendulum Length at Sea Level 


39.01 in. 
39.02 in. 
39.04 in. 
39.07 in. 
39.10 in. 
39.14 in. 
39.17 in. 
39.20 in. 
39.21 in. 
39.22 in. 


the other exactly once each second 
(or over and back in exactly two sec- 
onds ). 

Measure the distance from the 
centre of mass of the weight to the 
top of the pendulum. What is this 
length in inches? What is this 
length in the metric system? 

This experiment has been repeat- 
ed at many different places on the 
earth. The results are recorded in 
the table above. Note that a pen- 
dulum which swings once each sec- 
ond at the poles of the earth will be 
one-fifth of an inch longer than a 
pendulum which swings at the same 
rate at the earth’s equator. 

Pendulums accelerate as though 
gravity is greater at the poles of the 
earth than at the equator. In order 
to explain this difference in the force 
at these places, scientists have pro- 
posed that the earth’s surface at the 
poles is slightly closer to the centre 
of the earth than at the equator. 
This difference in distance is shown 
in the diagram above. 

The Shapes of Other Planets. 
Look at the photographs of the two 
largest planets, Jupiter and Saturn. 
Both of these planets rotate once ev- 
ery ten hours, thus a day is ten hours 
long on these planets. 
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Use a ruler to measure the pole- 
to-pole diameter and the equatorial 
diameter of each planet in the pho- 
tographs. Describe the shape of 
each. 

Studying Shape Changes. Cut out 
two eight-inch strips of paper one 
inch wide. Tape the strips together 
and push a pencil through them as 
shown here. The holes through the 
paper should be large enough for the 
pencil to slide through. 

Adjust the strips so that a nearly 
perfect circle is formed. Measure 
the polar and equatorial diameters 
of the circle. Twirl the pencil. Re- 
measure the two diameters. What 
change has occurred in the shape of 
the circle? 

Use Newton's laws to explain the 
change in shape of the spinning pa- 
per circle. Use the laws to explain 
the equatorial bulge of the spinning 
earth. 

A Scale Model of the Earth’s 
Shape. Construct a scale model of 
the earth on a chalkboard or a large 
sheet of paper. Use this scale: one 
inch equals 400 miles. First, draw 
a circle with a diameter of 19% 
inches to correspond to the earth’s 
polar diameter of 7,901 miles. Next, 
calculate how much the equatorial 
diameter of the scale model should 
be increased to account for the 7,927 
mile equatorial diameter. Make 
this correction on the model. 

Satellite studies have found irreg- 
ularities in the earth’s shape. For 
example, sea level at the North Pole 
is fifty feet higher than it was 
thought to be and sea level at the 
South Pole is 50 feet lower. Some 
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people describe the earth as being 
“pear-shaped” on the basis of these 
findings. What effect would these 
differences have on the shape of the 
scale model earth? 

Mount Everest is 5% miles high. 
The deepest known spot in the 
ocean is almost 7 miles deep. How 
large would these places appear on 
the scale model? Many relief maps, 
such as the globe shown below, do 
not give an accurate picture of the 
earth’s surface. Why is the scale not 
correct? 








THE EARTH’S INTERIOR 


Although no one has ever seen the earth’s interior, many ideas about 
its composition, state, and temperature have been proposed. Most of 
these ideas come from records made by energy waves which spread 
outward from earthquakes. These waves travel to distant parts of the 
earth’s surface. There is evidence that some of these waves travel 
through the earth’s interior. From studies of the records of these waves, 
ideas have been proposed about the material through which the waves 


pass. 


Seismograph 


Pendulum 





Seismograph. The seismograph 
pictured here shows a beam of light 
reflecting from a mirror onto a pho- 
tographic film on a recorder drum. 
When the earth shakes in the direc- 
tion shown by the double arrow, the 
seismograph and recorder drum 
move. But the pendulum weight 
has so much mass that it accelerates 
very little. As a result, the light 
beam traces a wavy line on the pho- 
tographic film as the recorder drum 
slowly turns. Other seismographs 
record the shakes of the earth in 
other directions. 
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Seismograms. Three earthquake 
records, called seismograms, are pic- 
tured on this page. Such seismo- 
grams often show three different 
types of earthquake waves. The 
first group of waves which reached 
seismograph A below are called 
p waves. The p waves took 8 min- 
utes to travel to seismograph A. 
How long did the p waves take to 
reach station B and CP 

The second group of waves 
reached seismograph A 15 minutes 
after the quake occurred. These 
waves are called s waves. How long 
did the s waves take to travel to 
seismograph BP To seismograph CP 

The third set of waves on a seis- 
mogram are called | waves. How 


long did the 1 waves take to reach 
each station? 

Seismograph B shown below is 
twice as far from the earthquake as 
is seismograph A. The | waves take 









0 








twice as long to reach seismograph 
B as to reach A, as might be ex- 
pected. However, the s and p 
waves take less than twice as long to 
arrive at B than at A. 

Seismographs 6,500 miles from an 
earthquake may receive strong s 
waves but stations at distances 
greater than 7,000 miles never re- 
ceive s waves. Is there an s wave 
on seismogram C below? The p 
waves which are received in the re- 
gion 7,000-10,000 miles from an 
earthquake, arrive later than ex- 
pected. For these reasons, the re- 
gion 7,000-10,000 miles from the 
earthquake is called the shadow 
zone. 

In the region 10,000-12,500 miles 
from the site of the earthquake, 
the p wave appears to arrive late 
and at two different times. These 
are labelled p, and p, in seismo- 
gram C. 
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A Theory of the Earth’s Interior. 
Seismograph B below is twice as far 
from the earthquake region as is 
A. P and s waves take slightly less 
than twice as long to reach B than A. 
Therefore, scientists assume that p 
and s waves travel through the earth 
instead of along the surface. 

The shadow zone region can be 
explained if there is a sudden change 
in the earth’s composition at a depth 
of 1,800 miles. Scientists believe so 
strongly in this change in composi- 
tion that they call the region below 
a depth of 1,800 miles the core. The 
outer region of the earth’s interior 
is called the mantle. P waves would 
bend as they pass from mantle to 
core and bend again as the waves 
passed from the core into the mantle 
again, as shown by the waves la- 


belled “1” below. 


S waves must be unable to pass 
through the core because they never 
arrive at seismographs further than 
7,000 miles from an earthquake. 
One way to explain the disappear- 
ance of these s waves is to suggest 
that the core is molten and then to 
propose that s waves cannot pass 
through molten material. 

The two p waves which arrive at 
the earth’s surface opposite an earth- 
quake can be explained if the inner 
part of the core changes again. Per- 
haps the inner core is solid. Un- 
der these conditions, two different 
waves, such as waves 2 and 3 be- 
low, travelling through matter in two 
different states, would travel at 


slightly different speeds. There- 


fore, these waves would arrive at 
seismograph C at slightly different 


times. 








There are other 


Discontinuities. 
regions in the earth’s interior at 
which earthquake waves are be- 
lieved to reflect or bend. These re- 
gions are called discontinuities. 
Each discontinuity is believed to 
represent a change in the composi- 
tion of the earth’s interior. One im- 
portant discontinuity occurs only a 
few miles below the surface of the 
earth. It is called the Mohorovicic 
discontinuity, or the Moho. The ma- 
terial above the Moho is called the 
earth's crust. The region below is 
called the mantle. 

The diagram shows the position 
of the Moho under a continental re- 
gion and under the ocean. Note 
that the Moho is much closer to 
the earth’s surface under the oceans 
than under the continents. This dis- 
continuity exists at a greater depth 
under mountains than under flat 
lands. 

Recently geophysicists have dis- 
covered a location at which the 
Moho is only 3% miles below the 
ocean floor. At this point, the ocean 
is nearly 3 miles deep. An experi- 
ment called the Mohole Project was 
planned to drill for the first time 
through the earth’s crust into the 
mantle. When these rock samples 
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have been studied, scientists will 
find out whether or not the guesses 
about the earth’s interior are ac- 
curate. 

Composition of the Earth’s In- 
terior. Objects such as a ball or the 
moon are attracted toward the earth. 
By measuring the attractive force 
that the earth exerts on objects, 
scientists (using Newton’s ideas of 
motion and gravity) have been able 
to calculate the mass of the earth. 
These results indicate that the earth 
is composed of a material much 
denser than most of the rocks in the 
earth’s crust. Thus, a material as 
dense as iron or nickel in the earth’s 
interior seems likely. Iron and 


nickel also might be useful in ex- 
plaining the earth’s magnetism, 








For hundreds of years, man has used compasses on the surface of the 
earth. From these compass observations, he has made some hypotheses 
about the cause of the earth’s magnetism. Recently, man-made satel- 
lites have been used to make observations about the earth’s magnetic 
field hundreds of miles above the earth. However, the cause of the 
earth’s magnetism is hidden within the earth’s interior. These secrets 
will probably not be revealed until man has devised better methods 
and instruments for studying magnetism within the earth. 


Magnetic Fields. Trace the out- 
line of a bar magnet on a sheet of 
paper. Label the magnetic poles on 
the paper and place the magnet un- 
der the paper below the outline. 

Sprinkle iron filings on the paper. 
Tap the paper lightly and note the 


North Pole 





South Pole 


pattern which forms. Sketch the 
pattern around the outline of the 
magnet. This region of influence 
around the magnet is called the mag- 
netic field. 

Remove the iron filings from the 
paper. Replace the paper over the 
magnet and place a compass on the 
paper in the magnetic field. Mark 
under the compass the direction of 
the needle. Repeat this procedure 
at different points on the paper. 

To what pole does the compass 
needle point? Compare the behav- 
iour of the compass needle with the 
behaviour of the iron filings. 

Compass Observations. The globe 
below shows the direction that com- 
pass needles point at different places 
on the earth. From this information, 
describe the magnetic poles and 
magnetic field of the earth. 
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Push a 


Magnetic Dip Needles. 
large steel knitting needle through 


a cork stopper. Push two small 
needles through the cork at right 
angles to the knitting needle. Lay 
the two small needles across the 
edges of two glasses as shown above. 
Adjust the position of the knitting 
needle until it balances. 

Magnetize the knitting needle by 
rubbing it across a magnet. Re- 
place the knitting needle in a north- 
south direction between two glasses. 
Line up a bar magnet above the 
magnetized knitting needle. How 
does the needle behave when in the 
field of the magnet? 

Remove the magnet so it does not 
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North Pole 


influence the knitting needle. What 
position does the needle take? Why 
is the apparatus called a dip needle? 
What field is influencing it? 

The Earth’s Magnetic Field. The 
picture below of the earth’s mag- 
netic field combines data from the 
compass readings and dip needle 
readings at many places on the sur- 
face of the earth. The earth’s mag- 
netic field has the same form as the 
field around other magnets. How 
does the earth’s magnetic field pro- 
vide additional evidence that the 
earth’s core is made of iron? What 
would happen to the dip needle as 
it approached the magnetic poles of 
the earth? 





South Pole 
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Auroras. People sometimes notice 
strange flickering coloured lights in 
the night sky. These lights are 
called auroras. In the Northern 
Hemisphere, auroras appear bright- 
est in the northern sky. The north- 
ern aurora is called the Aurora 
Borealis (Northern Lights ). 

Many people have wondered 
about the cause of this strange glow. 
When no simple explanation was 
found, other events which happened 
at the same time were studied, in 
hopes that some relationship could 
be found. One such event which 
occurs at the same time is found on 
the sun. It is called a solar flare. 

Solar Flares and Prominences. 
The left photograph shows a huge 
loop of gas escaping from the sur- 








face of the sun. This feature is 
called a solar prominence. 

The right picture shows a part 
of the sun facing the earth. The 
lighter region is called a solar flare. 
The dark line in the middle of the 
flare is thought to be a solar promi- 
nence. 
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Solar Flares and Auroras. Rocket 
and satellite studies show that large 
numbers of charged particles, such 
as electrons and protons, appear 
around the earth at the time of solar 
flares. From these observations, sci- 
entists have proposed that billions 
of charged particles are given off by 
the sun during a solar flare. 

Some of the charged particles en- 
ter the earth's outer atmosphere 
near the magnetic poles, travelling 
at great speeds. These particles 
collide with molecules of oxygen and 
nitrogen. During this process, light 
is given off by the molecules. The 
light can be seen at night as part 
of the aurora. 

Some of the aurora light is be- 
lieved to result from protons and 





electrons combining to form hydro- 
gen atoms. In this process, light 
energy is also released. 

Van Allen Radiation Belts. Sat- 
ellite and rocket studies have de- 
tected several doughnut-shaped re- 
gions around the earth which con- 
tain fast-moving charged particles. 
These regions are called Van Allen 
Radiation Belts. 

The radiation belts are much 
closer to the earth near the earth’s 
poles. Charged particles spiral back 
and forth within the belt as pic- 
tured below. Near either pole, the 
trapped particles collide with mole- 
cules of oxygen and nitrogen, los- 
ing energy at each collision. Even- 
tually the charged particles leak out 
into the earth’s atmosphere. 








THE EARTH’S SHAPE AND MOTIONS 


For hundreds of years students have been taught that the earth is 
round, that it spins causing day and night, and that it travels once each 
year around the sun. However, the eyes of these students see an earth 
that appears to be flat, and their other senses detect no evidence that 
the earth is moving. Most people can offer no proof’ or evidence that 
the earth is not flat or standing still. People who accept new ideas 
without understanding the evidence for the idea are not reasoning or 
thinking scientifically. 

There are many observations about the earth which cannot be ex- 
plained using the idea of a flat earth which is standing still. After you 
make these same observations, you, too, will be able to decide scien- 
tifically about the earth’s shape and motions. 


The Earth’s Shadow. About 2,400 
years ago, Aristotle, a Greek phi- 
losopher and teacher, watched the 
curved shadow cross the moon dur- 
ing a lunar (moon) eclipse. Aris- 
totle suggested that a round earth 
would be able to cast such a shadow. 

Note the photograph of the earth's 
shadow on the moon during an 
eclipse. Make a study of shadows 
cast on a ball by objects of different 
shapes. Which objects cast round 
shadows? 

Does a round shadow on the moon 
support the idea that the earth is 
round? Does this evidence prove 
that the earth is a sphere? 
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Ships at Sea. Note the picture 
showing a ship sailing “over” the 
horizon. What part of the ship can 
be seen last as the ship sails further 
from shore? How does this obser- 
vation support the idea that the 
earth is round? Why does this evi- 
dence fail to prove that the earth is 
a sphere? 

Elevation of Stars. Changes in the 
positions of stars and constellations 
were first noticed about 2,400 years 
ago by travellers moving northward 
and southward. As travellers went 
north, the constellations in the 
northern sky appeared higher in the 
sky. The southern constellations 
appeared lower in the sky. 

Study the drawing below. What 
happens to the angle of elevation 
of the North Star as an observer 
moves from C to B to AP What 
shape of the earth makes possible 
this change in angle of elevation of 
the North Star? 

Time Zones. When you watch 
ball games on television, you prob- 
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ably notice that the sun sets at dif- 
ferent times in different parts of the 
country. How does this observa- 
tion support the idea that the earth 
is curved in an east-west direction? 

Photographs from Rockets. Re- 
cently, rockets have taken pictures 
of the earth from great distances. 
One such photograph is shown on 
the first page of this chapter. What 
does this evidence tell about the 
shape of the earth? 


Angle of elevation ait 
of North Star 





Artillery Fire. Artillerymen know 
that when a long-range gun is fired 
northward in the Northern Hemi- 
sphere, the shell lands east of the 
target. A shell fired southward 
lands west of the target. In both 
cases, the gun and target behave as 
though they are moving at different 
speeds. 

Study the diagram above. Note 
the position of the imaginary gun, 
target, and exploding shell. If the 
earth turns around the North Pole, 
which would move faster, the gun 
or the target? Which way should 
the earth rotate to explain how the 
shell fired from the moving gun can 
land east of the target? 





Foucault Pendulum. 


Set up a 
pendulum on the edge of a stool as 
shown above. Turn the stool slowly 
as the pendulum swings. Does the 
pendulum swing in the same direc- 
tion in space or along the same di- 
rection of the stool? 

The photograph shows a Foucault 
pendulum five stories high at the 
United Nations in New York City. 
This pendulum does not appear to 
swing back and forth in the same 
direction. Instead, the pendulum 
seems to change its direction very 
slightly with every swing. 

Use the idea of a rotating earth 
to explain the apparent change in 
direction of a Foucault pendulum. 
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Does this observation prove that the 
earth rotates? 

Parallax. Hold a pencil as shown 
in the picture. Sight along the pen- 
cil with one eye open. Note where 
the pencil appears with respect to 
objects behind it. Now sight with 
the other eye open. Note the 
change in position of the pencil with 
respect to the objects behind it. 
The pencil appears to change posi- 
tion because it is viewed from two 
different positions. This effect is 
called parallax. 

Study the drawing below. Imag- 
ine you are on the earth in January 
looking at star A. Does it appear 
to be near star B or CP Where does 
A seem to be when viewed in July? 

Early astronomers thought the 
stars were much closer to the earth 
than they are. These observers 
knew about parallax, but because 
they could not detect any star paral- 


Distant Stars 


169 








lax with their best instruments, they 
said that the earth did not move. 

Repeat the pencil parallax activity 
described in the first paragraph, but 
move the pencil downward as you 
view it first with one eye and then 
with the other. Compare your ob- 
servations with those recorded in the 
photograph below. 





This photograph was made 
from three negatives taken 
six months apart. During 
this time, the near star, A, 
moved through space as 
shown by the arrow. Pro- 
pose an explanation for 
the shift of star A from 
one side of the arrow to 
the other, 


Circle 


Antarc 





MOTIONS OF GYROSCOPES AND 
OF THE EARTH 


The earth spins once every 24 hours as it revolves around the sun. It 
is not possible to experiment with the spinning earth, so instead, experi- 


ments are performed using a spinning gyroscope. 


If we assume all 


spinning bodies behave the same, the observations made with a gyro- 
scope should be useful in understanding the earth’s spin. 


Stability of Gyroscopes. Gently 
toss a gyroscope which is not spin- 
ning to a friend several feet away. 
Repeat the toss with a spinning gy- 
roscope. What difference do you 
notice in the stability of the gyro- 
scope in space? 

Was the gyroscope spinning in the 
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multiflash photograph above? What 
evidence do you have? 

Seasons. The diagram below 
shows the earth’s position in its orbit 
at four different dates. Why does 
the earth’s axis (an imaginary. line 
through the earth from pole to pole) 
always tilt in the same direction? 





September 22 
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|<—~,Precession angle 


Note the position of the earth on 
June 21. On this date, the North 
Pole is tipped toward the sun. 
Where on the earth does the sun 
appear to be directly overhead at 
noon? Which half of the earth re- 
ceives more sunlight and heat—the 
Northern Hemisphere or the South- 
ern Hemisphere? Compare the num- 
ber of daylight hours on this date 
at the Arctic Circle, the equator, and 
the Antarctic Circle. 

Precession of Gyroscopes. Spin a 
gyroscope on a tabletop. Notice the 
circular path taken by the top of 
the gyroscope shaft. 
ment is called precession. 
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This move- © 


Ba, 


Use your finger to block the pre- 
cessing shaft of the gyroscope. 
What effect does the precession 
have on the stability of a spinning 
gyroscope? Use your finger to 
speed up the precession of a spin- 
ning gyroscope. What happens to 
the amount of precession? 

Evidence of the Earth’s Preces- 
sion. These circumpolar star trail 
photographs were taken ten years 
apart. The bright trail located near 
the centre of the arcs was made by 
the North Star. What change do 
you notice in the position of the 
North Star with respect to the sky 
pole? 








The stars near the north sky pole 
appear to move very little during 
each night. For this reason, these 
stars had special importance to early 
man. Star maps 5,000 years old 
have been discovered showing the 
position of the north sky pole at 
that time. The star map here shows 
the path the north sky pole has 
taken through the sky during the 
past 5,000 years. Note the position 
where the north sky pole is pre- 
dicted to be 5,000 years from now. 
How long will the earth take to 
precess once, if precession con- 
tinues at the present rate? 

A Model of the Earth’s Precession. 
Spin the gyroscope in the same 
direction that the earth spins. 





Tilt the gyroscope shaft so that the 
shaft forms an angle of 234° with a 
vertical line. Note the point on 
the ceiling to which the gyroscope 
points. Allow the gyroscope to pre- 
cess. Note the imaginary arc on the 
ceiling to which the precessing shaft 
points. . 

Hold over the spinning gyroscope 
the star map showing the precession 
of the sky pole. Does the gyroscope 
precess in the same direction as the 
earth, or does the gyroscope precess 
in the opposite direction? 

List some differences between the 
earth and a gyroscope which might 
account for differences in the be- 
haviour of a gyroscope compared to 
the earth. 


ANALOGIES 


The process of explaining the earth’s precession in terms of some- 
thing else, such as gyroscopic precession, is called an analogy. Analo- 
gies are often used to “explain” observations in science. For example, 
sound waves are often “explained” in terms of water waves. Electricity 


is often “explained” in terms of the flow of water. The earth’s behaviour 
is “explained” in terms of gyroscopes. 

Gyroscopes have many interesting properties of their own, but there 
are many differences between the earth and a gyroscope. The activity 
above demonstrates that conclusions based only on analogies may be 
incorrect. 
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Additional Investigations 


. Build two similar flat boats. Mount a gyro- 


scope on each boat as shown here. Spin one 
gyroscope and make waves to rock the boats. 
What effect does the spinning gyroscope 
have on the stability of the boat? 


. Read about Newton’s Third Law of Motion. 


Demonstrate some examples of the Third 
Law in class. 


. Prepare a report describing the evidence 


scientists use to locate the position of the 
magnetic poles millions of years ago. What 
evidence do geologists use to support the 
theory of continental drift? 


. Find out how Newton’s Law of Gravity was 


used to discover the three outer planets: 
Uranus, Neptune, and Pluto. Report on 
your findings. 


. Read about some of the theories which have 


been proposed to explain how the planets 
formed. Prepare a report describing the 
theory which you think is most likely to be 
correct 


. Find out how seismograms are used by peo- 


ple who drill in search of oil. 


. Prepare a report describing how scientists 


have used seismographs to determine the 
thickness of ice at the South Pole. 


. Build the seismograph shown here. Use it 


to study vibrations around your home and 
school. Discover how slamming doors, jump- 
ing, and other vibrations affect the seismo- 
grams. 


Cardboard or plastic disc 
cemented on hour hand 






Hour hand 


Cement 
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14. 


15. 


16. 


The rock pictured here is an iron and nickel 
meteorite. Prepare a report about meteorites, 
how they occur, why people think they may 
be the remains of a planet, and how mete- 
orites can be used to describe the composi- 
tion of the earth’s interior. 

Bring to class an example of a tidal time- 
table. Show the class how to read the table. 
Prepare a report on the contribution of one 
of the following men to our present under- 
standing of the earth in space: Galileo, New- 
ton, Einstein, Ptolemy, Copernicus, Van Al- 
len, Von Braun, Ewing. 


. Make a map showing the time zones of 


Canada. Prepare a report about why and 
when time zones were established. Include 
how towns kept time before standard time 
was developed. 

Make a study of falling bodies. Drop an 
empty can and one filled with sand at the 
same time. Drop the cans from a second or 
third story window. Repeat the experiment 
several times. Do the cans hit the ground 
at the same time? Make hypotheses to ex- 
plain your answer. 

Make a map of the world showing the major 
earthquake regions and the major volcanic 
regions. 

Prepare a table of serious earthquakes which 
have occurred. List dates, places, and the 
amount of damage. 

Build a relief map from a topographic map 
of your area. Trace lines of equal elevation 
onto pieces of cardboard or soft wallboard. 
Cut out these pieces and glue them on top of 





each other to represent hills and valleys of ee Werner von brave 
your area. Hill surfaces can be smoothed by is > 
sanding or plastering. Determine the verti- 
cal exaggeration of the relief map. 

17. Prepare a table of the space flights which 
have been made. Include on the table the 
date, maximum distance from earth, infor- 
mation obtained, and other important data. 

18. Make a table listing space flights planned 
for the future. Include probable launch 
dates and the objects of each flight. 

19. Read about the studies which were con- 
ducted during the International Geophysical 
Year and the International Year of the Quiet 
Sun. Make a report including some of the 
information which was discovered in these 
studies. 

20. Prepare a report about recent discoveries 
about the Van Allen Radiation Belts. 

21. Find out what the requirements are for be- 
coming an astronaut. 

22. Read about Kepler’s Laws of Planetary Mo- 
tion. Give examples of each law in class. 

23. Prepare a report describing the gravitational 
and magnetic instruments which prospectors 
use to locate mineral deposits. 

24. Read how Cavendish first determined the 
mass of the earth. Report your findings to 
the class. 

25. Prepare a report about the location of other 
discontinuities in the earth’s interior other 
than the Moho. 

26. Make a report about recent efforts to drill 
through the Mohorovicic discontinuity. é il wes ws 
What results have been reported? ss Taen a i CHUA 
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Review Questions 


_ What does each of these instruments tell us 
about the earth in space? 

_ What are Newton’s Laws of Motion? Why 
are they important? 

_ What are tides? What causes them? 

_ Where is the centre of mass of the earth- 
moon system? 

_ What variable determines the speed at which 
a pendulum swings? 

. Why do scientists think that the earth has 
a slight bulge at the equator? 

. How does a seismograph work? 

. Why do falling bodies accelerate? 

. What do the following terms mean: magnetic 
field, solar flare, solar prominence, Van Allen 
Belt? 

_ What is the evidence that the earth has a 
core? 

_ What is the evidence, that part of the earth’s 
core is molten? 

_ What is some of the evidence which supports 
the idea that the earth is round? That the 
earth rotates? That the earth revolves? 





EEE 


Thought Questions 


_ Where in eastern North America might you 
expect fishermen to catch salt water fish in 
nets without using a boat? How do you 
think the fish would get into the nets? At 
what possible place might this kind of fishing 
take place? 

_ How can scientists use a seismogram to tell 
how far away an earthquake is (Hint: exam- 
ine the seismograms that you have studied 
in this chapter)? 

3. Why is Canada colder in January than in 
July, although the earth is closer to the sun 
in January? 

4, If the earth’s axis were tipped more than 
23%°, how would our seasons change? 

5. If the earth were to pass through a cloud in 
space which decelerated the earth’s speed, 
what might happen to the earth’s orbit? 
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Objects in Orbit 


The motions of objects in the sky have been a puzzle and a challenge 
to the minds of men since the beginning of recorded history. The ques- 
tions raised have been of two types. What are the paths of objects in the 
sky? Why do objects follow these paths? 

The paths of objects have been determined by making observations as 
accurately as possible over thousands of years. From these observations, 
astronomers developed theories to explain why objects followed these 
paths. As new instruments permitted improved observations, astrono- 
mers developed better theories to predict paths of objects in the sky. So 
far, though, these theories have never been able to predict paths pre- 
cisely. 


s 








THE SHAPES OF ORBITS 


Early Greek astronomers developed two workable theories of the uni- 
verse. One theory placed the earth at the centre of the universe, and 
the other placed the sun at the centre. These two theories had one 
point in common; both assumed that objects in space followed circular 


paths or orbits. 


Both theories explained what was then known about the sky equally 
well, so the simpler earth-centred theory became generally accepted. 
Also, the notion of circular orbits became firmly fixed in people’s minds. 
Although the theory of circular orbits was never very accurate, over 
1,500 years passed before orbits of other shapes were considered seri- 


ously. 


Orbits Around the Earth. The 
diagram above was proposed about 
150 a.v. by Ptolemy, a Greek as- 
tronomer. Note the circular orbit 
that Ptolemy believed the sun fol- 
lowed ‘around the earth. Use this 
diagram to explain where Ptolemy 
believed the sun would be at night. 
According to the diagram, where 
would the sun be at noon? 


Philosophers of this time believed 
the sun, moon, and planets were 
god-like or perfect. Therefore, the 
sun, moon, and planets had “perfect” 
(spherical) shapes and travelled in 
“perfect” (circular) orbits with “per- 
fect” (unchanging) speeds. 

Earlier theories had proposed that 
the planets also travelled around the 
earth at constant speeds and in cir- 
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cular orbits, but the observed posi- 
tions of the planets did not agree 
well with these theories. For this 
reason, Ptolemy added epicycles to 
the theories. Note the epicycles in 
the diagram. According to Ptolemy, 
each planet travelled around its cir- 
cular epicycle at constant speed. 
At the same time, the centre of the 
epicycle circled around the earth, 
travelling at constant speed. 

For over 1,400 years, astronomers 
used Ptolemy’s theory to predict 
eclipses, the positions of planets, and 
the phases of the moon. Epicycles 
were added to epicycles and many 
different changes were suggested in 
the speeds at which the planets trav- 
elled in each epicycle. This theory 
never was able to predict planet po- 
sitions precisely. 

Orbits Around the Sun. The idea 
of a sun-centred universe was gen- 


erally forgotten after Ptolemy's 
time. But in 1543, the theory was 
proposed again by Copernicus, a 
Polish astronomer. The diagram de- 
scribes his theory. Note that Co- 
pernicus kept the circular orbits of 
the Greeks. 

Compare the system of Copernicus 
with that of Ptolemy as to positions 
of the sun, earth, and stars. Com- 
pare the orbits of the planets and 
stars. Does the system of Coperni- 
cus contain any epicycles? If so, 
where? 

This sun-centred theory of Co- 
pernicus did not increase the ac- 
curacy of prediction. In addition, 


the theory did not agree with reli- 
gious beliefs widely held at that 
time. Therefore, the theory was not 
immediately accepted even though 
it was much simpler than that of 
Ptolemy. 
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Elliptical Orbits. About 1600, a 
German astronomer named Kepler 
realized that recent observations 
about planet motions did not fit cir- 
cular orbits. Instead, these orbits 
were ellipses. 

An ellipse is shown above. To 
draw an ellipse, stick two thumb- 
tacks three inches apart into a sheet 
of cardboard. Place an eight-inch 
loop of string around the thumb- 


acks and stretch the string tight 
with the point of a pencil as shown 
here. Move the pencil around the 
loop, always keeping the string 
tight. The line you draw is called 
an ellipse. The point where each 
thumbtack is placed is called a focus 
of the ellipse. 

Change the distance between the 
thumbtacks. How does the change 
affect the shape of an ellipse? How 
does changing the length of the 
string affect an ellipse? 

A long slender ellipse is said to 
be more eccentric than a nearly 
round ellipse. How can you draw 
very eccentric ellipses? 

Kepler revised the idea of a sun- 
centred universe by giving each 
planet an elliptical orbit, with the 
sun at one focus. Very accurate 
predictions were now possible, not 
only for planets but also for moons, 
comets, and artificial satellites. 

Kepler made two other sugges- 
tions for improving the sun-centred 
theory. All three hypotheses have 
been shown to fit the evidence so 
well that many astronomers consid- 
ered the hypotheses proven. These 
hypotheses became known as Kep- 
ler’s Laws of Planetary Motion. 


THE LAWS OF SCIENCE. Before the present century, most scientists 
believed that everything in the universe was governed by a few scien- 
tific laws. Most research was directed toward finding these laws. To- 
day, scientists are no longer convinced that the universe is governed by 
laws. Nearly every law considered proven before 1900 has been dis- 
proven since then. Some general statements that hold for a wide range 


of conditions, such as Kepler’s statements of planetary motion, are still 
called “laws” but we should not think of them as perfect and unchange- 
able. 4 


( 





The Earth’s Orbit. Stick two pins 
% inch apart into cardboard and 
make an ellipse using a 7% inch loop 
of string. This ellipse represents a 
scale drawing of the earth’s orbit. 
The scale is: 1 inch = 25,000,000 
miles. Mark this scale on the 
drawing. 

The sun’s diameter is 1/32 inch 
using this scale. At one focus of 
the ellipse, label a 1/32 inch circle 
as the sun. 

The point in the orbit where the 
earth is closest to the sun is called 
perihelion. Locate and label peri- 
helion. The earth is at perihelion 
in early January. At perihelion, the 
earth is about 91,500,000 miles from 
the sun. Label this distance on the 
drawing. 

The point where the earth is far- 
thest from the sun is called aphelion. 
The earth reaches aphelion in early 
July. At this time, the earth and 
sun are about 94,500,000 miles apart. 


7 months 





181 


Label aphelion and this distance on 
the drawing. 

Motions of Planets. Imagine that 
a planet travels once around the sun 
in exactly eight months. This dia- 
gram shows the planet's position at 
the end of each month starting 
from perihelion. 

Note the lines connecting the sun 
with the planet’s position at the 
end of each month. These lines di- 
vide the area within the ellipse into 
eight parts. Kepler said that these 
parts all have the same area. Or 
stated more precisely, planets travel 
at such speeds that a line connect- 
ing the sun and planet sweeps over 
equal areas during equal periods of 
time. This idea is called Kepler’s 
Second Law of Planetary Motion. 

Use a string and ruler to measure 
the distance the planet travels each 
month. Graph the data. Indicate 
on the graph when the planet is ac- 
celerating and decelerating. 


6 months 


5 months 


4 months 
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3 months 


2 months 
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Evidence Supporting Kepler's 
Ideas. Record the position of the 
shadow made by the top of the flag- 
pole on the school lawn at noon, 
standard time. Repeat the measure- 
ments several times a month dur- 
ing the school year. Compare your 
findings with the diagram above. 
Study these two pages carefully to 
find out how these observations sup- 
port Kepler's ideas that our planet 
changes speed while travelling in an 
elliptical orbit. 

A Solar Day. Mark off a line 
which points exactly north from the 
school flagpole. Record the exact 





time the shadow of the pole crosses 
the north-pointing line. 

The time when the sun casts 
shadows exactly northward is called 
solar noon. How does solar noon 
compare with ‘noon by the school 
clock? 

Record the exact time the shadow 
of the pole crosses the north-point- 
ing line the next day. The time in- 
terval between two solar noons is 
called a solar day. How many hours, 
minutes, and seconds were in the 
solar day you measured? Why don’t 
people change their clocks to ex- 
actly 12:00 at solar noon? 

Mean Solar Day. Careful meas- 
urements have shown that all solar 
days are not the same length. When 
the earth is near perihelion, solar 
days are longest. Some solar days 
last as long as 24 hours and % min- 
ute. At other times of the year, 
solar days are shorter than 24 hours. 
For this reason, astronomers estab- 
lished our time system which has as 
its basic unit a period of time which 
is as long as an average solar day. 
This 24-hour period of time is called 
a mean solar day. 
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The Length of Solar Days. In the 
diagram shown at the right, an im- 
aginary planet travels in a circular 
orbit around the sun in four solar 
days. (A circle is a type of ellipse.) 
According to Kepler’s Second Law, 
each of the shaded regions has the 
same area. Thus, the figure at 0 
takes the same time to travel from 
0 to 1, as to travel from I to 2, and 
so on. 

The time when the sun is directly 
overhead at position 0 until the 
sun is overhead at position I is one 
solar day. All the solar days are the 
same length when a planet travels 
in a circular orbit. Thus, the sun’s 
shadow points exactly north at the 
same time each day throughout the 
year. 

In the diagram below, an imag- 
inary planet travels around the sun 
in four days in a highly eccentric 
elliptical orbit. Sections A, B, C, 
and D have the same areas. Use 
Kepler’s Second Law to explain what 
must be true of the time the planet 
takes to travel from 0 to 1, 1 to 2, 
2 to 3, and 3 to 0. 

How far does the figure at 0 
travel before the sun is directly over- 
head (solar noon) again? This time 
interval is one solar day. Compare 
the length of a solar day and a mean 
solar day (0 to 1) during this part 
of the orbit. 

Compare the times the figure 
takes to travel from 1 to 2 and from 
1+ to 2. Which time interval rep- 
resents a solar day and which rep- 
resents a mean solar day? Which 
time interval is longer near aphelion, 
a solar day or a mean solar day? 
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When mean solar days on earth 
(24-hour periods) are shorter than 
solar days, the sun appears further 
eastward in the sky on successive 
noons. When mean solar days are 
longer than solar days, the sun ap- 
pears further westward in the sky 
on successive noons. 

Note the figure “8” shape on the 
lawn on the opposite page. This 
is formed when the noontime shad- 
ow from the top of a flagpole is 
marked on the ground throughout 
the year. How does the sun’s noon- 
time position change throughout the 
year to form the figure “8”? Discuss 
the east-west shift of the noontime 
sun in terms of the orbit below. 
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ORBITS OF THE SOLAR SYSTEM 


Our solar system includes nine planets travelling in elliptical orbits 
around the sun. In addition, astronomers have observed other objects 
travelling in elliptical orbits around the sun. These include comets and 


minor planets. 


Not all orbits in the solar system involve objects travelling around the 
sun. At least six planets have moons which travel in orbits around 
them. For example, Jupiter has twelve moons and Saturn has nine. In 
addition, the planet Saturn is famous for its rings. These rings are be- 
lieved to be made of millions of tiny particles travelling around Saturn. 


The Orbits of Planets. Make 
scale drawings of each planet’s orbit 
on a 12 inch x 18 inch sheet of pa- 
per. Draw the orbits of the inner 
planets on one side of the paper, 
using the data below. Draw the 


orbits of the five outer planets on 
the other side of the paper. Label 
each planet’s orbit and the scale of 
the drawing. 

‘Which planet has the most eccen- 
tric orbit on your drawing? 


SCALE MODEL OF PLANET ORBITS 








Tue INNER PLANETS (SCALE: 1 INcH = 25,000,000 MILEs ) 























Planet Loop Size Distance Between Pins 
Mercury 34 in. 43 in. 
Venus 53 in. gy in. 
Earth Ts in. 4 in. 

Mars 12s) in. 1,5 in. 
Tue Outer PLANETS (SCALE: 1 1INcH = 500,000,000 mitEs ) 
Jupiter Qy'5 in. #5 in. 
Saturn $7 in. #e in. 
Uranus 7% in. $$ in. 
Neptune 11,5 in. din. . 
Pluto 183 in. 32 in. 
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Causes of Orbital Motion. As- 
tronomers before Kepler assumed 
that circular motion is the natural 
motion of objects in space. In 1687, 
the English physicist, Newton, pro- 
posed a new idea—that the natural 
motion of any object is in a straight 
line unless some force acts upon 
the object. Modern astronomy is 
based upon the assumption that 
Newton’s idea is true. 

According to Newton, if no force 
acted upon our earth, it would con- 
tinue to travel through space in a 
straight line, never speeding up or 
slowing down. To explain the 
earth’s curved path, Newton pro- 
posed that a force acts between the 
earth and the sun. This force, called 
gravity, constantly pulls the earth 
away from a straight line path, as 
shown above. 

Putting an Object in Orbit. Pass 
a string through a spool and attach 
unequal weights to the opposite ends 
of the string. Hold the small weight 
about eight inches from the top of 
the spool as shown below. Throw 
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this weight in the direction of the 
arrow. 

Describe the path of the weight. 
What force causes the smaller weight 
to travel in a curved path? What 
happens if this force does not act, 
that is, if the string is cut? 

Test the effect of changing the 
speed of the object thrown. Test 
the effect of changing the weight of 
the bottom object. 















Planetoids /+:. 





Jupiter. 


Bode’s Theory. For many years, 
astronomers noted an apparent pat- 
tern in the spacing of the planets. 
In the late 18th century, one idea 
for the spacing between planets was 
developed by Bode, a German as- 
tronomer. The idea started with this 
number series: 


O30, 12) 2448 ae 


What is the next number in this 
series? 
The series was then changed to: 


Asis lOALGs 25.702: . and to: 
O42 Oc7eaie0 4165238 fo) ee, 


How were these changes made? 

To apply the final series above to 
the solar system, multiply each num- 
ber by 93,000,000 miles (the average 
distance from the earth to the sun). 
Compare the results with the actual 
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Bode’'s Theory Avercas 

Planet Number | Distance Observed 
Series fo1Sun Distance to Sun 
Mercury 4 37,000,000 Til 36,000,000 
Venus vf 65,000,000 67,000,000 
Earth 1.0 93,000,000 93,000,000 
Mars 1.6 150,000,000 142,000,000 

te 2.8 260,000,000 - 

Jupiter Sez 480,000,000 483,000,000 
Saturn 10.0 930,000,000 886,000,000 
Uranus — _ 1,782,000,000 
Neptune = - 2,793,000,000 
Pluto - — 3,670,000,000 
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distances from the sun to Mercury, 
Venus, Earth, Mars, Jupiter, and 
Saturn. For what number is there 
no planet? 

In 1781, the planet Uranus was 
discovered beyond Saturn. Predict 
the position of Uranus by finding the 
next two terms in the number series 
at the left. Compare this value 
with the observed distance to Uranus 
shown below. Does the discovery 
of Uranus support Bode’s theory? 

After the discovery of Uranus, as- 
tronomers began searching for the 
missing planet between Mars and 
Jupiter. In 1801, a small planet was 
discovered and named Ceres. The 
Bode’s theory distance was 2.8. 

Later, Neptune and Pluto were 
discovered. Complete the table be- 
low for these planets. Do the data 
for these planets support Bode’s 
theory? Many books refer to this 
theory as Bode’s Law. Discuss 
whether Bode’s theory should be 
considered a law. 

Planetoids. About 2,000 minor 
planets or planetoids have been dis- 
covered. The largest planetoid, 
Ceres, has a diameter of about 480 
miles. Most of the planetoids travel 
in orbits between Mars and Jupiter, 
but some travel in very eccentric 
orbits. 
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Note the orbit of the planetoid 
Hidalgo, shown on the opposite 
page. In what two ways does this 
orbit differ from the orbits of the 
major planets? 

Comets. The photograph shows 
a bright comet. Comets are occa- 
sionally seen in the night sky close 
to the sun, that is, low in the west- 
ern sky after sunset or low in the 
eastern sky before sunrise. The tail 
of a comet points away from the 
sun. Comets which are visible to 
the unaided eye occur less than once 
a year. Astronomers believe that 
comets are about one mile in diame- 
ter and are composed of ice par- 
ticles and rocks. 

Gravitational attraction between 
the sun and comet causes the comet 
to travel in a curved path. If this 
change in direction is large, the path 
of the comet forms an ellipse and 
the comet travels in an orbit around 
the sun, 

Some comets appear to change di- 
rection only slightly when passing 





near the sun. These comets may be 
travelling in elliptical orbits so large 
that the comet will not return close 
to the sun for thousands of years. 

Halley’s Comet. The photograph 
above shows Halley’s comet in 1910 
as it was passing close to the sun. 
During the past 2,000 years, this 
comet has been observed passing 
near the sun 28 different times. At 
these times it is an impressive sight 
in the night sky, but as the comet 
moves away from the sun, its bright- 
ness fades quickly and it soon dis- 
appears. 

The position of Halley’s comet at 
% year intervals is shown below. 
Use Kepler's Second Law of Plane- 
tary Motion to predict when the 
comet will be visible (near the sun) 
again. 





7.1 days old 


4 days old 


Apparent Size of the Moon. Use 
a ruler to measure the pole to pole 
diameter of the moon in each photo- 
graph above. Graph the diameter 
of the moon in the photographs 
throughout the month. Propose a 
hypothesis to explain the apparent 
change in diameter. 

The moon travels in an elliptical 
orbit around the earth. Sometimes 
the moon is about 221,000 miles 
from earth. The point where the 
moon is closest to the earth is called 
perigee. Label perigee on the graph 
showing the apparent change in the 
moon’s diameter. 

When the moon is at its greatest 
distance from the earth, it is about 
253,000 miles away. This point in 
the orbit is called apogee. Label 
apogee on the graph. 


Moon diameter 


Date 





9 days old 


The Shadow of a Model Moon. 
As the moon travels in its orbit, sun- 
light is blocked from the space di- 
rectly behind the moon. As a re- 
sult, a shadow is produced. Form 
a shadow with a clay model of the 
moon as shown in the picture below. 
Note the two distinct shadow regions 
that are on the-paper. The black re- 
gion B is called the umbra. The 
gray region A is called the pe- 
numbra. 

Move the paper closer to the clay 
ball. What happens to the size of 
the umbra? What happens to the 
size of the penumbra? 
~ Remove the paper and put your 
eye at position A in the penumbra. 
What causes the penumbra? Move 
your eye to position B. What causes 
the umbra? 





Clay ball 


15 days old 


17 days old 


19.5 days old 





Now move back from the model. 
Why does the umbra disappear? 

Eclipses. Use a light bulb and 
two balls of clay to make models of 
the sun, moon, and earth as shown 
below. Use three toothpicks to prop 
up the earth. Represent the moon’s 
orbit by bending a coat hanger into 
a slightly eccentric ellipse. Note 
that the coat hanger is not resting 
flat on the table. 

Move the model moon slowly 
around the coat hanger. Does the 
shadow of the moon fall on the 
earth? Does the shadow of the 
earth fall on the moon? Why? 

Note that the moon’s orbit is 
tipped up toward the sun in the dia- 
gram below. Try tipping the moon’s 
orbit in other directions and then 
move the moon slowly around its 
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orbit. How must the orbit be tipped 
so that the moon’s shadow falls on 
the earth? When will the earth’s 
shadow fall on the moon? 

Astronomers believe that 
moon’s orbit is tipped slightly like 
the one in the model. Most of the 
time the moon’s shadow passes 
above or below the earth when our 
moon passes between the earth and 
the sun. Thus, the sun’s light is not 
blocked from us on earth. When the 
moon does pass directly in front of 
the sun, a solar eclipse occurs. 
Sometimes the moon passes directly 
through the earth’s shadow. This is 
called a lunar eclipse. 

Note the diagram below. What 
type of eclipses are occurring at 
A and CP Why aren't eclipses oc- 
curring at B and DP 


our 


> Earth’s Orbit 








Lunar Eclipses. A total lunar 
eclipse occurs when all of the moon 
passes through the earth’s umbra. 
A total lunar eclipse may last as long 
as 3% hours from start to finish. The 
moon may be entirely in the umbra 
for as long as 1% hours. 

If only part of the moon passes 
through the earth’s umbra, the 
eclipse is called a partial lunar 
eclipse. Partial and total lunar 
eclipses can be seen from any place 
on the dark side of the earth. These 
eclipses occur about once a year. 


Annular eclipse 
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Annular Solar Eclipse 


Total Solar ee 
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Annular Solar Eclipses. 
ferent types of solar eclipses are pos- 
sible because of the elliptical shape 
of the moon’s orbit. These two cases 
are pictured above. The upper dia- 
gram shows a solar eclipse occurring 
when the moon is near apogee. Un- 
der these conditions, the moon ap- 
pears as a somewhat smaller disc in 
the sky than does the sun. Thus, 
the moon’s disc does not completely 
cover the sun’s disc, leaving a ring 
of sunlight showing around the 
moon. This type of eclipse, shown 
here, is called an annular eclipse. 

Total Solar Eclipses. Solar eclip- 
ses may occur when the moon is 
near perigee in its orbit. At such 
times, the umbra region of the 
moon’s shadow reaches the earth. 
Under these conditions, the disc of 
the moon appears larger than the 
disc of the sun and all direct light 
from the sun is blocked. Such an 
eclipse is called a total solar eclipse. 

Total solar eclipses, unlike total 
lunar eclipses, can only be seen 
along a relatively narrow band 
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across the earth. The band along 
which the eclipse is total is never 
greater than 70 miles wide. The 
total eclipse never lasts longer than 
7% minutes. The region of the earth 
where a partial solar eclipse can be 
observed has a width of about 4,000 
miles. 

A strange darkness falls over a re- 
gion during a total solar eclipse. 
Bright stars and planets can be seen 
in the sky during the daytime. Some 
flowers begin to close and many ani- 
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Total solar eclipse with corona 


mals behave as though evening 
were beginning. The glowing outer 
atmosphere of the sun, called the 
corona, is an impressive sight in the 
sky. The corona is difficult to see 
except during a total solar eclipse 
because of the sun’s brightness. 

The map shows the paths of total 
solar eclipses in the northern hemi- 
sphere over a period of 30 years. 
Compare two paths 18 years apart. 
What pattern do you notice in these 
paths? 
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The Milky Way. On clear, moon- 
less nights, sky watchers can often 
see a whitish region across the sky 
called the Milky Way. Early sky 
watchers did not understand the 
cause of the Milky Way, but today, 
with low power binoculars, people 
can see that the Milky Way is com- 
posed of thousands of stars. 

Astronomers believe that all the 
visible stars in the sky, including 
those in the Milky Way, are arranged 
in a lens or disc shape such as those 
in the photograph on the next page. 


This lens-shaped group of stars is 
called a galaxy. Our galaxy is called 
the Milky Way Galaxy. When a sky 
watcher looks at the Milky Way in 
the sky, he is facing toward the edge 
of the lens-shaped Milky Way Gal- 
axy, thus he sees many more stars 
in this direction. 

The diagram at the top of the next 
page shows the size of our galaxy in 
light years. (A light year is the dis- 
tance light travels in one year; about 
6,000,000,000,000 miles.) Note the 
position of our sun. 
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The Sun’s Path. All the stars 
within our galaxy, including our sun, 
are in motion. However, the mass 


of the galaxy exerts an attractive 
force on each star. This gravita- 
tional force -tends to pull each star 
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toward the centre of the galaxy. As 
a result, stars travel in a curved path 
around the centre of the galaxy. Our 
sun is believed to travel around the 


galaxy once in every 200 million 
years. 
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2 nails 


ORBITING MAN-MADE OBJECTS 


Our knowledge of orbits and rocket engines has developed enough so 
that scientists and engineers are now able to launch man-made objects 
into orbit. However, long before the first man-made objects were sent 
into orbit, space scientists were able to accurately predict the paths of 
these objects. The basis for these predictions was obtained by experi- 
menting with falling bodies and projectiles. 


Falling Bodies. Construct the 


apparatus shown above. 


Hold it 






level and predict which marble will 
hit the floor first when the device is 
hit horizontally. Check your pre- 
diction. 
_ Repeat the experiment, changing 
the horizontal force. How does a 
change in the horizontal force affect 
the rate at which the marbles fall? 

The photograph shows two balls 
which started at A and were pro- 
pelled in the same manner as were 
the marbles above. After 4/30 sec- 
ond, each ball was at 1; after 5/30 
second, each ball was at 2; and so on. 
Note the change in position of the 
left-hand ball. Describe its motion. 
Is the ball accelerating, decelerat- 
ing, or moving at constant speed? 
The distance between each line is 6 
inches. 

Use the scale at the left of the 
photograph to measure how far each 


194 





ball fell during each time interval. 
How does gravity effect each ball? 

Note that the right-hand ball 
moves horizontally and downward. 
Does this ball move the same dis- 
tance horizontally during each time 
interval? Is this ball travelling hori- 
zontally at constant speed? De- 
scribe the path of this ball in terms 
of (1) its horizontal velocity and (2) 
its downward velocity. 

Projectile Experiments. | Make 
the projectile and launcher shown 
above using three small nails, three 
pencils, a rubber band, cellophane 
tape, and a board about 6 in. long 
and 8 in. wide. Place the launcher 
in a level position four feet above 
the floor. Pull the projectile back 
one inch against the tension of the 
rubber band and release it. Measure 
the horizontal distance the projectile 
travels. 

Record the accelerating distance 
of the projectile (one inch for this 
trial) and the horizontal distance 
the projectile travelled. Carry out 
an experiment to learn how the ac- 
celerating distance of the projectile 
affects the horizontal distance it 
travels. 


195 






Physicists have discovered that an 
object dropped from a height of four 
feet hits the ground in 4 second, re- 
gardless of its horizontal velocity. 
Thus, a projectile that travels six feet _ 
horizontally before falling four feet, 
travels the six feet in 14 second. 

Use the graph to determine the 
horizontal velocity in miles per hour 
of each projectile fired in the last 
experiment. For example, a projec- 
tile that travelled six feet horizon- 
tally in 4% second was travelling at a 
rate of about 8 miles per hour. 

Make a_ graph comparing the 
accelerating distance of the projec- 
tile with the velocity of the projec- 
tile in miles per hour. What effect 
does the accelerating distance have 
on the projectile’s speed? 
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The Effect of Force. Conduct an 
experiment to determine how the 
amount of force exerted on a pro- 
jectile affects its speed. Change the 
amount of force by adding more rub- 
ber bands to the launcher. Use the 
distances the projectiles travel and 
the graph on the previous page to 
determine the velocities of the pro- 
jectiles. Make certain that other 
variables, such as the accelerating 
distance of each projectile, are con- 
trolled in this experiment. 

Make a graph showing the effect 
of the projectile’s accelerating force 
on its velocity. What conclusions 
can you draw from the graph? 





The Effect of Mass. Cut four-inch 
long pieces from quarter-inch di- 
ameter rods of aluminum, brass, and 
wood (obtained from hardware 
stores). Drill a hole near one end 
of each rod and pound a nail into 
each hole. 

Launch each rod in level flight, 
four feet off the floor. Use the 
same accelerating distance and 
amount of force for each launching. 
Measure the distance each projectile 
travels. Compare the velocities of 
these projectiles. Compare the 
acceleration of these projectiles. 

Physicists have noted that when 
the same amount of force is applied 
to different objects, the objects 
accelerate at differents rates. This 
property of objects which results in 
differences in acceleration is called 
mass. Physicists say that brass has 
a greater mass than wood or alumi- 
num. Wood has less mass than 
aluminum or brass. 

Compare the masses of the three 
projectiles with the distances each 
travelled. How did mass affect the 
distance travelled? How did mass 
affect velocity? 
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Orbital Velocity. The diagram 
shows the paths three projectiles 
take when accelerated to different 
velocities from a platform four feet 
high. In this diagram, the earth is 
assumed to be perfectly round and 
there is no air friction slowing down 
the projectiles. 

Note the path of the projectile 
travelling 1 mps (miles per sec- 
ond). When this projectile has 
travelled 14 mile, it has dropped four 
feet to point A, but it has not yet 
hit the ground. Why? 

The projectile travelling 3 mps 
falls four feet to point B after 1/4 sec- 
ond. Why does it not hit the ground 
after falling four feet? How far will 
it travel before landing? 

Note the path taken by the pro- 
jectile travelling at the speed of 
5 mps (or 18,000 miles per hour). 
At this speed, the projectile travels 
21% miles before it falls four feet. 
However, the earth’s surface curves 
four feet in every 214 miles, so, at 
point C, the projectile is still four 
feet off the ground. Describe the 
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path of this projectile during the 
next % second. Why is 18,000 miles 
per hour (5 mps) called the orbital 
velocity? 

Reaching Orbital Velocity. Re- 
view your experiments with projec- 
tiles. What was the greatest veloc- 
ity of any projectile you launched? 
Use the data from these launchings 
to describe the combination of mass, 
accelerating force, and accelerating 
distance which could be used to 
reach orbital velocity (18,000 mph). 

Compare the mass, accelerating 
force, and accelerating distance of 
the following projectiles: baseball, 
shotput, arrow, pistol bullet, and rifle 
bullet. Discuss what factors could 
be changed to accelerate these pro- 
jectiles to orbital velocity. 

Natural and Artificial Satellites. 
An object which travels in orbit 
around a planet is called a satellite. 
The moon is a natural satellite. 
Man-made satellites are called arti- 
ficial satellites. What projectile in 
the diagram would become an arti- 
ficial satellite? 





A Model Rocket. Stretch a thread 
across the classroom and set up the 
balloon rocket as shown in the illus- 
tration above. Inflate the balloon 
and release it. What is the force 
that acts on the balloon causing it 
to accelerate? 

As gases rush out the back of a 
rocket, a forward push is exerted on 
the rocket. The amount of force 
with which the gases are pushed out 
the back is equal to the amount of 
force which accelerates the rocket 
forward. Thus, if the gases are 
pushed out the back with greater 
force, a greater force will accelerate 
the rocket forward. 





Compare the accelerating distance 
of the balloon rocket with that of 
the projectile launcher used earlier. 
What advantage is a large accelerat- 
ing distance? Why are artificial sa- 
tellites accelerated with rockets in- 
stead of with giant guns? 

Two-Stage Model Rocket. Put 
two balloon rockets on a_ string 
stretched across the classroom. In- 
flate the front balloon or second 
stage of the two-stage balloon rock- 
et. Hold this balloon tightly about 
1% inches from its mouth. Push 
about one inch of the first stage (rear 
balloon) into the mouth of the in- 
flated second stage as shown below. 
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First stage burnout Third stage ignites 


velocity = 4,000 mph 






Third stage 
burnout 


velocity == 
18,000 mph 


Inflate the first stage. Then, while 
holding the two stages together, re- 
lease the first stage. What happens? 

Experiment with the connection 
between the two stages of the rocket. 
What is the greatest distance the 
second stage travels? 

What are some advantages to a 
rocket with more than one stage? 
What are some disadvantages? 

Multi-Stage Rockets. The dia- 
gram above shows the path of a 
three-stage rocket accelerating an ar- 
tificial satellite to a velocity of 18,000 
miles per hour at an altitude of 300 
miles. At what altitude does the 
first-stage rocket run out of fuel? 
At this point, the first stage breaks 
off and the second-stage engine 
starts. At what altitude does the 
third-stage engine start? 

The photograph shows a space 
vehicle composed of three stages, or 
rockets. Which stage is accelerat- 
ing the vehicle in this photograph? 
Which stage has the greatest mass 
to accelerate? Which stage has the 
smallest mass to accelerate? 

Note in the diagram that the first 
stage accelerates the vehicle to 4,000 
mph. What increase in speed does 
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the second stage cause? What in- 
crease in speed is caused by the third 
stage? Why does the large first- 


stage engine increase the vehicle’s 
velocity only 4,000 mph whereas the 
much smaller third stage accelerates 
the vehicle much more? 

Why are multi-stage rockets able 
to send objects into orbit more easily 
than large one-stage rockets? 





Shapes of Satellite Orbits. Any 
object in level flight at 18,000 mph, 
and above nearly all the atmosphere, 
will travel in a curved path around 
the earth. Note the path above 
taken by a satellite travelling under 
these conditions. Such a satellite 
travels around the earth about once 
every 90 minutes. 

The diagram above also shows 
other possible orbits of satellites 
which, in level flight above most of 
the atmosphere, have velocities 


Apogee 
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greater than 18,000 mph. What 
shape are these orbits? How does 
changing the velocity of a satellite 
affect the shape of its orbit? 

Many satellites have been de- 
signed to study different regions in 
space such as 2,000, 5,000, and 
10,000 miles from earth. For such 
studies, an elliptical orbit is useful 
because regions at different distances 
from the earth can be sampled dur- 
ing each orbit. 

Circular orbits are usually planned 
if satellites are to be kept in orbits 
for long periods. One method of 
attaining a circular orbit is shown at 
the left. First, the rocket is launched 
in an elliptical orbit. Then, as the 
last stage of the rocket reaches the 
point in its orbit farthest from earth 
(apogee), the rocket motor fires and 
accelerates the satellite into a circu- 
lar orbit. 

If a satellite travels close to earth, 
air molecules collide with the satel- 
lite. How does the force of these 
collisions affect the speed of the sat- 
ellite? What happens when a satel- 
lite’s speed falls below 18,000 mph 
(5 miles per second)? 
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Space vehicles sometimes carry 
retro-rockets which are fired to slow 
down the vehicle as it orbits the 
earth. How does slowing down af- 
fect the vehicle’s path? 

Moon Flights. A rocket at a ve- 
locity of 25,000 mph (7 mps ) in level 
flight above the earth’s atmosphere 
will travel in a highly elliptical orbit. 
This rocket will travel about 250,000 
miles from the earth, and each orbit 
will last longer than a week, Space- 
craft can travel from the earth to 
the moon along such orbits. If the 
rocket is aimed and fired very care- 
fully, the craft will collide with the 
moon. The photograph showing the 
surface of the moon was taken by 
the Ranger VIII spacecraft in 1965. 

The scale drawing shows one pos- 
sible path of a spaceflight to the 
moon. Note the distance the craft 
travels during the first, second, and 
third days. Use Kepler’s theories 
to explain this change in velocity. 

Note the position of the moon at 
M, on the scale drawing. The 
spacecraft left earth when the moon 
was in this position. Compare the 
distances the moon and spacecraft 
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travelled in their orbits during the 
next 314 days. 

Trace the path of the moon from 
M3.) to M,.9 as you trace the path of 
the spacecraft during this same time 
(3.0 to 4.0). What force acts on 
the spacecraft during this time caus- 
ing it to leave its elliptical path, 
shown by the dashed line? 
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Escaping the Earth’s Gravity. If 
a rocket is accelerated to a velocity 
greater than 25,000 mph (7 mps), 
the rocket escapes from the earth's 
gravitational pull entirely. Thus, 
the escape velocity from earth is 
95,000 miles per hour. When a 
rocket escapes the earth’s gravita- 
tional pull, the rocket may be cap- 
tured by the sun’s gravitational at- 
traction and travel in an orbit around 
the sun. 

Spaceflights to Other Planets. 
Spacecrafts that escape the earth's 
gravitation may travel in ellipti- 
cal orbits around the sun. The 
shape and size of the craft’s orbit 
around the sun depend on the speed 
and direction of the craft as it leaves 
the earth. Thus, spaceflights can be 


5/23/63 
( = 


2/26/ car 












aN 


ae | 

ENCOUNTER 
12/14/62 
Z, 


planned along elliptical paths which 
take the craft to other planets. For 
example, the path of the unmanned 
Mariner spacecraft as it travelled 
from the earth to Venus is shown in 
the diagram above. Note that the 
craft continued past Venus, com- 
pleted its elliptical orbit around the 
sun, and returned back near where 
it started. 

The velocity of the moving earth 
must be considered when space- 
flights to other planets are planned. 
The earth moves 18.5 mps along its 
orbit around the sun. Thus, a space- 
craft will be travelling at a speed 
greater than 18.5 mps if it escapes 
from earth travelling in the same di- 
rection as the moving earth. A 
spacecraft which escapes from earth 
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in the opposite direction will be 
travelling less than 18.5 mps. 

Mariner was launched from earth 
in the direction opposite the earth’s 
motion. Note the left diagram on 
the opposite page. After escaping 
from the earth, Mariner was travel- 
ling around the sun more slowly than 
it had travelled around the earth. 
Compare the path of the earth with 
the slower moving Mariner between 
8/27/62 and 11/9/62. How did the 
deceleration of Mariner affect its 
path? 

Spacecrafts that escape from earth 
with speeds greater than 18.5 mps 
move further away from the sun. 
Propose how a launching rocket 
would be fired for a spaceflight to 
Mars. 

The Paths of Projectiles. The 
graphs show the paths of projectiles 
accelerated to different speeds. The 
left graph shows the distance a mis- 
sile travels if fired at speeds between 
0 and 18,000 mph. To what speed 
must a missile be accelerated to land 
6,000 miles from its starting point? 
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A Mariner Spacecraft — 


The middle graph shows the 
height of a satellite at apogee if ac- 
celerated to speeds between 18,000 
and 25,000 mph. To what speed 
must a satellite be accelerated to 
reach a point 40,000 miles high? 

The right graph shows the max- 
imum distance a spacecraft travels 
from earth if accelerated to speeds 
between 26,000 and 38,000 miles. 
Discuss the path of a spacecraft ac- 
celerated to a speed greater than 
38,000 mph. 


Space Craft 





26,000 30,000 34,000 38,000 


Distance from Earth’s Orbit (Billions of Miles) 
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Why Study Space? Today, a 
large part of the American govern- 
ment’s budget is being used to sup- 
port scientific studies which include 
spaceflights to the moon and other 
planets. These flights are very ex- 
pensive. 

People ask, “Are these studies 
really worthwhile” <A brief look at 
the history of science may show why 
this question is not easily answered. 

In the last 30 years, tuberculosis 
has ceased to be a leading cause of 
death in our country. One reason 
for this change has been the devel- 
opment of the x-ray machine which 
helps identify people with tubercu- 
losis. The invention of the x-ray 
machine resulted from studies called 
applied research. In applied re- 
search, several scientific ideas are 
combined to make a new, useful 
product or invention. 

Before the x-ray machine could be 
invented, many earlier discoveries 
were necessary. One such discov- 
ery was radioactivity, another was 


photography, and a third was elec- 


tricity. When radioactivity was first 
discovered, no one considered that 
it might someday be used to detect 
tuberculosis. Instead, several sci- 
entists, including Madame Curie, 
conducted experiments to find out 
all they could about radioactivity. 
This process is called basic research. 

X-ray machines, television sets, 
and antibiotics are products of ap- 
plied research. Inventions such as 
these are the results of many earlier 
discoveries in basic research, includ- 
ing Benjamin Franklin’s studies of 
electricity and Louis Pasteur’s dis- 
covery that germs cause disease. 

Scientists hope that basic research 
in the field of outer space will an- 
swer such questions as: How did 
the solar system form? How old is 
the solar system? Is there life on 
Mars? Does Venus have a mag- 
netic field? No one today can say 
how useful this knowledge will be 
10 or 100 years from now, but part 
of the philosophy of science is to 
try to find answers to questions such 
as these. 


SURVEYOR A-15 


Date: 


Weight: 


Purpose: 
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Experiments and Projects 


1. A few of the vehicles used to study space are 
shown on these pages. Use newspaper and 
magazine clippings to prepare a scrapbook 
or bulletin board display of different space- 
crafts. Include the date when each vehicle 
was (or will be) used, its weight, and the 
purpose of the flight. 

2. Make a detailed report about a manned 
spaceflight now being planned. Include the 
route the vehicle will take, its speed, how the 
crew will be fed, and the purpose of the trip. 

3. Prepare a time-line along a classroom wall 
showing man’s efforts to travel away from the 
earth’s surface. Note some early efforts 
shown on the time-line below. 


Gemini 





Telstar | Tiros VI 





1862 
alt. 7 mi. 
1804 1852 (Eng) 
alt. 4% mi. alt. 44% mil 
(France) (Eng.) 


1903 


Ist 
manned 1st manned 
balloon airplane flight 
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Starting Speed (upward) in mph 





Time in Seconds 


_ Determine the speed of a ball thrown straight 
up into the air. Use a stopwatch to measure 
the time interval between when the ball is 
thrown in the air and when it lands. Use this 
time interval and the graph above to deter- 
mine the speed of the ball as it left the throw- 
ers hand. For example, a ball which was in 
the air for 4.0 seconds, started with an up- 
ward velocity of 44 mph. 

_ Make a chart showing the orbital and escape 
velocity for other planets and some of their 
moons. Explain the reasons for Mars’ satel- 
lites, Phobos and Deimos, having such low 
escape velocities. 

. Prepare a short biography of one of the fol- 
lowing scientists: Nicolas Copernicus, Gali- 
leo Galilei, Johannes Kepler, Tycho Brahe, 
Isaac Newton, Robert Goddard, Werner von 
Braun. 

. Make a study of the motions of a clay ball 
on a string, as shown at the left. Exert a 
force on the smaller ball using the techniques 
shown at the left. Note the path the ball 
takes each time. In which cases will the 
small ball “orbit” around the larger ball? 
Describe the forces which act on the small 
ball, causing it to change directions. 

. Study the effect the launching angle of a pro- 
jectile has on the distance the projectile trav- 
els. Pull the projectile back the same dis- 
tance before each launching. Measure the 
launching angle as shown here. Make a 
graph of the launching angle and the distance 
the projectile travels. At what angle does 
the projectile travel farthest? 
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Planet Orbit radius (Radius)3=r3 Orbit time ae) 
Mercury | 3.6 x 107 47 x 102! 88 days 
Venus 6.7 x 107 225 days 
Earth 9.3 x 107 365 days 
Mars 1.42 x 108 687 days 

4.83 x 108 4,400 days 
8.86 x 108 10,600 days 
1.782 x 109 31,000 days 
2.793 x 109 60,000 days 
3.670 x 109 91,000 days 
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Models of the paths of objects travelling 
through space are made by slicing through a 
cone at different angles as shown here. 
Make a model of these paths by melting a 
can of paraffin wax ina pan of boiling water. 
(CAUTION: Paraffin wax vapours are flam- 
mable.) Plug the neck of a funnel with a 
wad of paper. Add liquid wax to the bowl 
of the plugged funnel. When the wax hard- 
ens, warm the outside of the funnel until the 
wax cone loosens. Use a coping saw to cut 
the cone into the sections shown here. Pre- 
pare a chart showing the types of objects 
which travel along each path. 

Compare amounts of force exerted by differ- 
ent balloon rockets. Set up the apparatus 
shown here, adding coins to the cup until 
their weight balances the force exerted by 
the balloon. Report to your class, 

Use library sources to report on acceleration 
and deceleration studied by Colonel Stapp. 
Calculate the times required to take trips 
from the earth to each of the other planets, 
travelling at 25,000 mph. Assume that you 
travel to each planet by the shortest possible 
route. 

Demonstrate a model rocket. Launch the 
rocket out-of-doors. (CAUTION: Never try 
to build a rocket of your own design.) 
Kepler's Third “Law” of planetary motion 
states that a planet’s distance from the sun 
cubed (r?), divided by the square of the time 
the planet takes to make one revolution (t?), 
is the same for all planets. Check Kepler's 
Third “Law” by completing the table above. 
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Review Questions 


Where is perihelion for the orbit shown 
here? Where is aphelion? 

What force acts on the planet causing it to 
travel in an orbit? 


3. Would the planet above be accelerating or 


decelerating? How do you know? 


. What is the object in the photograph? Of 


what material is the object composed? What 
is the shape of this object's orbit? 


5. What is the difference between a solar day 


and a mean solar day? 


_ What are minor planets or planetoids? How 


do their orbits differ from the orbits of major 
planets? 


_ What causes a lunar eclipse? 
. Why are solar eclipses annular at some times 


and total at other times? 


_ What is the Milky Way? 
_ How is the speed of an object affected by 


(1) its mass, (2) the force which accelerates 
the object, and (3) the distance through 
which the object is accelerated? 

What is the orbital velocity for earth? What 
is the escape velocity for earth? 

How do launchings toward Venus differ from 
launchings toward Mars? 


Thought Questions 


. Why didn't Ptolemy’s theory include Uranus, 


Neptune, and Pluto? 


_ What invention was necessary before astron- 


omers could demonstrate that all solar days 
were not the same length and thus provide 
evidence that the earth’s orbit was elliptical? 


_ In 1610, Galileo published his observations 


of the moon, using one of the first telescopes. 
He observed craters and mountains. How 
did this evidence conflict with previous ideas 
about objects in space? 


_When does an ellipse become a circle? 


When does it become a straight line? 


. What path would a rocket take if it were fired 


in the direction shown at the left at a velocity 
of 18.5 miles per second? 
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Minerals and Their Uses 


The solid part of the earth is made up of rocks. Rocks in turn are 
made up of minerals, and minerals are composed of chemical elements. 

All minerals are chemicals. A few are composed of one element only; 
gold and graphite are examples. Most minerals, however, are compounds 
of two or more elements; red iron ore is a compound of iron and oxygen. 

On this page and the next are thirteen important minerals. Which ones 
can you identify from the pictures? Learn to identify all of them. 
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BECOMING ACQUAINTED WITH MINERALS 


To begin the study of minerals, place together samples of all the 
minerals ijlustrated on the previous two pages. Add specimens of other 
minerals that are common in your region. Learn to recognize each 
specimen and be able to call it by name. 

It is helpful to have your own collection of minerals. Begin with 
specimens found locally. Add others by purchase or trade when pos- 


sible. 


General Appearances. Pick up a 
specimen and examine all sides of it 
closely. Note its general appear- 
ance. Note the way it feels in your 
hands. 

Do not be surprised if certain 
specimens look unlike photographs 
of the same minerals in this book. 
Many minerals show various colours. 
Some have two or more forms. 

Compare minerals with each other. 
Which ones are easy to identify by 
general appearance? Decide why 
these specimens are easy to identify. 

Studying Differences in Minerals. 
Minerals are often identified by look- 
ing for their differences. What dif- 
ferences have you already noticed? 
List these. 

Choose one mineral for special 
study. In what ways is this min- 
eral different from other minerals? 


General 
Appearance 






Hemotie 
innit 
ite 
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Study your specimens the same way. 

A Suggestion for Record Keeping. 
Make a chart like the one below. At 
the tops of the columns list the dif- 
ferences you have noted. You will 
probably need more columns than 
shown. 

Fill in the columns with words de- 
scribing the minerals. For example, 
under density tell whether a mineral 
feels light or heavy when compared 
with other minerals of the same size. 
Test hardness by trying to scratch 
one specimen with another. 

Self-Testing. Test yourself in sev- 
eral ways to find out how well you 
know your specimens. Name the 
specimens as you pick them up. 
Find the specimens as someone else 
calls out the names. Write down the 
names as someone else holds up the 


specimens. 
Colour 











Feldspar Glassy lustre 


Metallic lustre 


Chalcedony 








Waxy lustre Limonite 


IDENTIFICATION TESTS 


Some of the differences between minerals can be determined at a 
glance. Other differences must be discovered by using tests. Several 
tests used by geologists are simple and can be used anywhere; some of 
these tests are described in the following paragraphs. More complicated 
tests are described in books about minerals. 


Colour. A few minerals have only 
one colour; colour is useful in their 
identification. However, most min- 
erals may be found in several colours 
because of impurities. Colours 
should be noted as a help in recogniz- 
ing the different minerals. 

Lustre. The way in which light is 
reflected from the surface of a min- 
eral is called its lustre. A mineral 
that reflects light like a piece of pol- 
ished metal is said to have a metallic 
lustre. Other lustres are glassy, 
waxy, satiny, pearly, greasy, and 
earthy. 

Describe the lustre of each of the 
minerals which you have studied. 

Streak. The picture below shows 






the streak made when a piece of 
hematite is scratched on a rough 
white surface. Note the difference 
in colour between the specimen and 
its streak. 

The colour of the specimen is due 
to the light that reflects from its sur- 
face. The colour of the streak is due 
to light passing through the tiny par- 
ticles that make up the streak. The 
light passes through the particles, 
reflects from the white surface, and 
passes back through the particles. 

Several minerals can be identified 
by their streak. Colours of speci- 
mens of the same mineral may be dif- 
ferent but the colour of the streak is 
always the same. 





Hematite 











lernail 2.5 
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For streak tests, use the backs of 
pottery tiles (often called ceramic 
tiles) like those that line bathroom 
walls. Get them from building con- 
tractors or suppliers. 

Hardness. Minerals usually differ 
in their hardness. Therefore, hard- 
ness tests are important in the iden- 
tification of minerals. 

Hardness is usually determined by 
trying to scratch one specimen with 
another. Geologists have prepared 
a scale ranging from one to ten. 
They have based this scale on ten 
minerals beginning with talc as num- 
ber one and ending with diamond as 
number ten. 

It is not necessary to have a com- 
plete set of the ten minerals for test- 
ing hardness. The common mate- 


rials above can be used to determine 
the hardness of most specimens. 

When making a test, draw a sharp 
corner of one material across the flat 
face of another. Then try to rub off 
any dust to make sure whether or 
not a scratch was made. 
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HARDNESS SCALE 

Mineral Simple Test 

. Tale 1. Fingernail scratches it 
easily. 

. Fingernail barely scratches 
ri 

. Copper penny just scratches 
it 


. Gypsum 
. Calcite 


. Steel knife scratches it 
easily. 

. Steel knife scratches it. 

. Steel knife does not scratch 
it; it scratches window glass 
easily. 

. Hardest common mineral; it 
scratches steel and hard 
glass easily. 

. Harder than any common 
mineral (it is a semi-pre- 
cious stone). 

. It scratches topaz. 

. Hardest of all minerals. 


. Fluorite 


. Apatite 
. Feldspar 


. Quartz 


. Topaz 


. Corundum 
. Diamond 


Magnet Test. Magnetite, a black 
iron ore, is the only common min- 
eral that is attracted to a magnet. 
To test a mineral, break off small 
pieces and touch them with a strong 
magnet. If they cling to the mag- 
net, they may be pieces of magnetite. 

Feel. Rub your fingers over the 
surface of a mineral and note any 
unusual feeling. Most minerals are 
either rough or smooth, but some 
feel gritty, some powdery, and some 
greasy. Graphite, shown below, 
feels greasy. 


Steel file 6.5 








Glassy fracture 


Breaking Tests. The way a min- 
eral breaks apart is often an impor- 
tant clue to its identification. The 
kind of break is determined by the 
forces that hold the atoms of the 
mineral together. 

Some minerals break irregularly, 
leaving rough surfaces. This is 
called fracture. Other minerals split 
apart cleanly leaving smooth, flat 
surfaces. This is called cleavage. A 
mineral may cleave in one direction 
and fracture in all other directions. 

A few minerals can be broken 
apart with the fingers. These are 
called weak minerals. Stronger min- 
erals must be broken with a hammer. 








Grainy fracture 





Types of Fracture. Many minerals 
break with an irregular fracture or a 
grainy fracture. A few break along 
curved surfaces as glass breaks. A 
few of the types of fracture are 
shown above. 

Cleavage. Cleavage may be in 
one, two, three, or even more direc- 
tions. The angles between the 
cleavage surfaces may also differ. 

Mica cleaves in only one direction 
and fractures in all others. There- 
fore, a block of mica splits up into 
thin sheets. Each sheet, however, 
fractures when bent or twisted. 

Halite (table salt) cleaves in three 
directions, each at right angles to the 


‘others. Therefore, halite breaks up 


into cubes or rectangular blocks. 
Calcite also cleaves in three direc- 
tions but the surfaces are not at right 
angles. Therefore, calcite breaks up 
into blocks that lean to one side. 
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Earthy fracture 





Equal-sized 
pieces of two different minerals may 


Specific Gravity. 
not weigh the same. One mineral 
is said to have a greater specific 
gravity than the other. 

The specific gravity of a substance 
is a comparison of its weight with 
the weight of an equal volume of wa- 
ter. A mineral having a specific 
gravity of 3.0 is three times as heavy 
as the same volume of water. 

To measure the specific gravity of 
a mineral, first weigh a specimen. 
Then weigh an equal volume of wa- 
ter. Compare the two weights. 

Above is shown a way to get a vol- 
ume of water equal to that of a speci- 
men being tested. Fill a plastic dish 
with water up to a hole in the side. 
Drop the mineral specimen into the 
dish. The water which is forced out 
through the hole is equal to the vol- 





Cobalt chloride paper 
to test for water 
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ume of the specimen. Collect and 
weigh the water. 

Chemical Tests. Fora simple and 
useful test, put two or three drops of 
dilute hydrochloric acid (see Ap- 
pendix) on a specimen. If bubbles 
are given off, the specimen contains 
some kind of carbonate, probably 
calcium carbonate. Calcite is crys- 
talline calcium carbonate. 

Other tests include heating a 
specimen to discover what products 
are given off by a chemical break- 
down of the mineral. Cobalt chlo- 
ride paper (see Appendix) can be 
used to find out whether water is 
among the products. 

A mineral might dissolve in water. 
Litmus paper can be used to find out 
if the solution is acidic or basic. 

Other chemical tests will be de- 
scribed later in this chapter. 








USEFUL PROPERTIES OF MINERALS 


The usefulness of a mineral depends upon its properties, either physi- 
cal or chemical or both. Physical properties include strength, colour, 
and cleavage. Chemical properties include solubility and reactions 
when heated. 

Early man used large quantities of flint because flint is hard and frac- 
tures into sharp-edged chips. It made the best cutting tools available at 
the time. Clay also came into early use because it fuses into a glassy 
mass when heated to a very high temperature, thus serving for bricks 
and pottery. Through the centuries, man has steadily discovered new 
uses for the special properties of minerals. 


Talc. Test the hardness of talc 
with a fingernail. Scrape off a little 
powder and note the feel of the pow- 
der between your fingers. 

Make some talcum powder. 
Grind up a piece of talc in a mortar 
as shown below at the left (see Ap- 
pendix). Sift the powder through 
a piece of silk or nylon stocking. 
Stretch the cloth across embroidery 
hoops as shown at the left. 

Pink talcum powder can be made 
by grinding a small piece of hema- 
tite with the talc. For scented tal- 
cum powder, add a drop or so of 
perfume to the powder. 
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Halite. This important mineral is 
commonly known as table salt. Its 
chemical name is sodium chloride 
which tells us that the mineral is a 
compound of sodium and chlorine. 
The chemical formula is: 


NaCl 


Electrolysis of Sodium Chloride. 
Connect two pieces of pencil lead to 
two dry cells in series. Attach these 
to a plastic bottle cap or small glass 
dish as shown below. 

Fill the container with dry table 
salt. Add water drop by drop until 
the salt is moist and has a thin layer 
of water on top. 

Watch the reaction. Note the 
odour given off. Test the liquid by 
each pencil lead with red and blue 
litmus paper. Describe the changes 
in the litmus paper. 

Products of Electrolysis. Sodium 
chloride (NaCl) and water (H:2O) 
are both broken up as an electric cur- 
rent passes through them. Several 
important chemicals are produced. 

1. Chlorine gas is given off at one 
pole. This gas can be identified by 
its odour. At which pole is chlorine 
gas forming? Where have you noted 
this odour before? From which 
compound did the chlorine come? 

2. Bubbles of hydrogen are given 
off at the other pole. From which 
compound did the hydrogen come? 

3. Sodium is produced at one pole 
but it unites immediately with water 
to form sodium hydroxide (NaOH). 
Sodium hydroxide is basic and turns 
red litmus paper blue. At which 
pole is sodium hydroxide produced? 
Find out how this chemical is used. 
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4. Some of the chlorine unites 
with water to form a strong bleach 
called hypochlorous acid. At which 
pole is it formed? What does it do 
How are 


to the litmus paper? 
bleaches used? 







Blue litmus 


Pink litmus 





Plastic bottle cap — 


Pencil leads 





A scene in the White Sands National 
Monument where the sand is made 
up of almost pure gypsum. 


Gypsum. Gypsum is an important 
mineral usually found as a solid, dull- 
looking rock of white or grey colour. 
Sometimes it is found as large, clear 
crystals called selenite. 

The chemical name for gypsum is 
hydrated calcium sulphate. Its 
chemical formula is: 

CaSO, : 2H2O 

The name and the formula tell us 
that the chemical is a compound of 
calcium, sulphur, and oxygen togeth- 
er with molecules of water. The wa- 
ter is called water of crystallization. 





Dehydrating Gypsum. Break up 
some gypsum into small pieces. 
Heat them in a test tube over a flame. 

Note any changes that take place 
in the appearance of the gypsum. 
Look for drops of liquid in the top of 
the test tube. Test these drops with 
cobalt chloride paper (see Appen- 
dix). What is the liquid? What is 
happening to the gypsum? 

Dump the contents of the test tube 
on a metal or glass surface. When 
they have cooled, try to crush some 
of the pieces between your fingers. 
Compare them with pieces of the 
original gypsum. 

Why is the powder called dehy- 
drated gypsum? 

Uses of Gypsum. Gypsum has 
been called the second most used 
building material, following wood in 
importance. Large quantities of 
gypsum are used in the manufacture 
of plaster and plaster board. How 
are these used in buildings? 

Gypsum is cheap as well as useful. 
It is plentiful and easily mined. 
Much of it is near or at the surface 
where it can be scooped up at small 
expense. 
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Replacing Water of Crystalliza- 
tion. Grind some dehydrated gyp- 
sum into a powder. Put it into a 
small container such as a bottle cap. 
Add a few drops of water, just 
enough to soak up the powder. Put 
a thermometer in the paste thus 
formed and note any changes in tem- 
perature. 

Half an hour later examine the 
paste. What has happened to it? 
Explain the changes in the paste in 
terms of water of crystallization. 

Plaster of Paris. Dehydrated gyp- 
sum is sold as plaster of Paris. It is 
used chiefly for plastering the inside 
walls of buildings. It is also used by 
doctors for making the casts that 
keep broken bones from moving. 

Plaster of Paris can be purchased 
in hardware stores and drug stores. 

Hydrating Plaster of Paris. Add 
plaster of Paris to water, stirring it 
constantly, until the mixture is about 
like pancake batter. Then pour the 
mixture into a paper cup. 

Observe the plaster over a period 
of several hours. What change takes 
place during the first fifteen minutes? 
Note any temperature changes in 
the plaster. When is the plaster first 
hard enough to keep from flowing if 
the dish is tipped slightly? When is 
it hard enough to keep from crum- 


bling when the edges are pinched? 






Glass or smooth board 
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Casts and Moulds. The diagrams 
below show how to make a cast of a 
leaf. The leaf is pressed into soft 
clay and then removed. The im- 
pression of the leaf in the clay is 
called a mould. 

Plaster of Paris is then poured into 
the mould. When the plaster has 
hardened, and has been removed 
from the mould, the plaster forms a 
cast of the leaf. 

Plaster of Paris is used to make 
casts of animal footprints in mud. 
Detectives also use plaster of Paris 
to make casts of people’s footprints 
and auto tire prints. 


Plaster of Paris 
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There are three com- 
mon iron ores—magnetite, hematite, 


Iron Ores. 


and limonite. All three are iron 
oxides, that is, they are compounds 
of iron and oxygen. 

To obtain the iron from these ores, 
it is necessary to remove the oxygen. 
The process of removing oxygen 
from a compound is called reduction 
by chemists. 

Iron ores are reduced with some 
form of carbon, either charcoal or 
coke. At high temperatures, carbon 
unites with oxygen in the ore leaving 
the iron as a metal. 

Hematite. Hematite varies in 
colour from earthy red to metallic 


Powdered hematite 
and charcoal 
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black, but its streak is always reddish 
brown. Red rocks and soils usually 
owe their colour to hematite. 
The chemical formula for hema- 
tite Is: 
Fe2O; 


Explain what this formula means in 
terms of atoms. 

Reducing Hematite. Grind some 
hematite toa powder. Test the pow- 
der with a magnet. Is it magnetic? 

Grind some charcoal to a powder. 
Mix equal quantities of charcoal and 
hematite powders. Put a teaspoon- 
ful of the mixture into a test tube. 

_ Heat the mixture with a gas flame 
until it glows red hot. Then put a 
glowing splint of wood into the test 
tube. What happens? What con- 
clusion can you draw? 

Dump the hot mixture on a pottery 
plate or flat rock and let it cool. 
Test the powder with a magnet 
again. What has happened to the 
hematite? 


Limonite. This iron ore varies in 


_ colour from earthy brown to metallic 


black. Its streak is always brown. 
Many rocks and soils owe their 
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brown colour to limonite. Iron rust 
and limonite are much alike chemi- 
cally. 

The chemical formula for limonite 

a Fe,0; - n(H,0) 
Compare this formula with that of 
hematite. In what ways are the two 
minerals alike? In what ways are 
they different? The nin the formula 
indicates that the amount of water 
of crystallization varies. 

Dehydrating Limonite. Grind 
some limonite to a powder. Put a 
teaspoonful of the powder into a 
test tube and heat it over a gas flame. 
Look for drops of liquid in the top of 
the tube. Test this liquid with co- 
balt chloride paper. What is the 
liquid? Where did it come from? 

After the powder has cooled, ex- 
amine it closely. What changes can 
be seen? 

Rub some of the larger pieces of 
dehydrated limonite on a streak 
plate. Compare the streak with that 
of unheated limonite and with that 
of hematite. What conclusions can 
you draw? 

Concentrating a Magnetite Ore. 
Iron ores usually contain quartz and 
other impurities. Magnetite ores can 
be concentrated with strong mag- 
nets. 

Grind some magnetite to a fine 
powder. Weigh the powder. Wrap 
a piece of paper around a strong 
magnet and separate the magnetic 
ore from its impurities. Weigh the 
concentrated ore and weigh the im- 
purities. Calculate the percentage 
of ore and impurities in the original 
sample. 
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Ore (for iron), coke (for carbon), 
and limestone (to unite with the 
impurities) are dumped in at the 
top of the blast furnace. Burning 
gas and hot air start the chemical 
reactions to reduce the iron ore. 








Pyrite. This golden, metallic-look- 
ing mineral has fooled so many peo- 
ple that it has been named “fool’s 
gold.” It is nota metal, however, as 
can be determined by pounding it. 
What does pounding do to a metal? 

Pyrite gives off large sparks when 


it is struck by a hammer. These 
sparks are responsible for the scien- 
tific name of the mineral; pyrite is 
taken from the old Greek, word 
meaning “fire.” 

Roasting Pyrite. Crush some py- 
rite to a powder. Note the sparks 
when the pyrite is struck. Note the 
odour. 






Vermiculite 


Puffed vermiculite 


Put a teaspoonful of the powder in 
4 test tube. Heat it red hot. Note 
any changes inside the test tube. 

Moisture may collect first in the 
top of the test tube. Then a solid 
may collect. What is the colour of 
this solid? 

Note the odour coming from the 
test tube. (CAUTION: Do not hold 
the test tube directly under your 
nose. Instead, fan some of the fumes 
toward your face with your hand. ) 
What is the odour? 

Dump the contents of the test tube 
on a flat rock. After the powder is 
cool, test it with a magnet. What 
has happened? 

What two elements have you 
found to be in pyrite? Chemists tell 
us that these are the only two ele- 
ments in the mineral. Look up the 
chemical name of the mineral in a 
dictionary or chemistry book. Do 
your findings agree with the chemi- 
cal name and formula? 

Vermiculite. Vermiculite is an in- 
teresting and valuable relative of 
mica. It looks much like mica but 
contains water. 

Break some vermiculite into small 
pieces and put them into a test tube. 
Heat them over a flame. Note what 
happens. Look for moisture near 
the top of the test tube. 

What does heating do to the mois- 
ture in the vermiculite? Why does 
the vermiculite expand? In what 
ways does vermiculite resemble pop- 
corn and puffed wheat? 

Examine the puffed vermiculite. 


_ Why do you think it is sometimes 


used as a heat insulator in buildings? 
What other uses does it have? 
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Powdered calcium carbonate 


Making Lime. Crush some calcite 
into a powder. Put a quarter of a 
teaspoonful of the powder into a test 
tube and heat it with a gas flame 
until it glows red for five or ten 
minutes. While it is heating, thrust 
a lighted splint of wood into the test 
tube. Note the result. 

Let the test tube cool. Put a ther- 
mometer in the powder, add two or 
three drops of water, and note any 
changes in temperature. Test the 
liquid in the test tube with litmus 
paper or red cabbage juice. 

Calcium Oxide. Calcium carbon- 
ate breaks up chemically when 
heated to a very high temperature. 
Carbon dioxide is given off and cal- 
cium oxide remains. Discuss the 
following equation: 


CaCO; — CO, + CaO 


Rotating kiln for making calcium oxide. 


Calcium oxide has a strong attrac- 
tion for water, producing a strong 
base. Calcium oxide is sometimes 
called “quick lime” or “unslaked 
lime.” Look in a dictionary for the 
meaning of the word “slake.” 

Calcium Hydroxide. Calcium ox- 
ide united with water is called “hy- 
drated lime” or “slaked lime.” Dis- 
cuss the meaning of the following ex- 
pression: 


CaO + H,O — Ca(OH)» 


Calcium hydroxide is used in mak- 
ing limewater for carbon dioxide 
tests. Calcium hydroxide unites 
readily with carbon dioxide, form- 
ing tiny particles of calcium carbon- 
ate which give a milky appearance to 
the liquid. 

Lime Mortar. Before portland ce- 
ment was invented, bricks and build- 
ing stones were held together by a 
mortar of sand and calcium hydrox- 
ide. The mortar hardened slowly, 
uniting with carbon dioxide from the 
air to produce a kind of limestone. 
Portland cement is used today be- 
cause it hardens faster. 


Crushed marble (calcium carbonate) 


tumbles down the tube. Flames heat the marble and drive off the carbon dioxide. 








ROCK FORMING MINERALS 


More than 1,500 different minerals have been found but only a few of 
these are truly common. Less than a dozen minerals make up a greater 
part of the earth’s crust. Four of these are (1) feldspar, the most plenti- 
ful mineral, (2) quartz, the most widespread, (3) calcite, the chief 
mineral in limestone and marble, and (4) mica, common in a wide 


variety of rocks. 


Identifying Minerals in Rocks. 
Rocks are usually made up of small 
grains of minerals crowded closely 
together. Identification of the min- 
erals may be difficult. Begin with a 
study of rocks that contain large 
crystals. A hand lens is helpful even 
for the larger crystals. 

Examine pieces of granite and 
marble. Look for reflections from 
cleavage surfaces by turning a speci- 
men slowly in a strong light. 

The four minerals mentioned 
above have different cleavage pat- 
terns. Quartz has no cleavage. 
Mica has cleavage in one direction 
only, splitting into flat sheets. Feld- 
spar has cleavage in two directions 
at right angles to each other. Calcite 
has cleavage in three directions not 
at right angles. 

The cleavage of grains of mica in 
a rock can be tested with the point of 


a knife. The right angle cleavage of 
feldspar grains must be searched for 
with a hand lens. 

Feldspar. There are several kinds 
of feldspar, all chemically related. 
They all contain aluminum, silicon, 
and oxygen but they differ in some of 
their other elements. For example, 
the chemical formulas for two differ- 
ent feldspars are: 


KAISi,05 (microcline) 
NaAISi,0, — (albite) 


The first contains potassium (K) and 
the second contains sodium (Na). 
Colours of feldspars are not of 
much help in telling one from an- 
other. Almost every possible colour 
has been found. However, within 
one rock, feldspar crystals usually 
have the same colour; after one crys- 
tal has been identified, the others can 
be recognized quickly by their colour. 
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Mica. There are several kinds of 
mica, related but chemically differ- 
ent. Like the feldspars, all micas 
contain silicon, oxygen, and alumi- 
num. They differ in other elements. 

Two common forms of mica are 
white mica (muscovite) and black 
mica (biotite). White mica is usu- 
ally more common than black mica 
in the rocks of a region. 

Calcite. Calcite is crystallized cal- 
cium carbonate (CaCOs). It is per- 
fectly clear when pure but it is usu- 
ally coloured by impurities. Calcite 
is easily identified by its cleavage 
and its reaction with dilute hydro- 
chloric acid. 

Quartz. Quartz is crystalline sili- 
con dioxide (SiOz). It is usually col- 
oured by impurities. However, in 
rocks such as granite, quartz is usu- 
ally clear or slightly tinged with 
brown. Quartz has no cleavage and 
appears as glassy grains when viewed 
with a hand lens. 









Bank of lo Creek 
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ANALYSIS OF SAND 
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Why Quartz Is Common. 


The 
forces that bind silicon and oxygen 


together are unusually strong. 
Therefore, quartz is hard and very 
resistant to wind and water erosion. 

Long after a rock has _ been 
broken up by erosion and other min- 
erals have disappeared, grains of 
quartz remain behind as_ sand. 
These grains may then be carried 
long distances. There are few places 
where quartz cannot be found. 

Analysis of Sand. Examine a sam- 
ple of sand with a hand lens. Iden- 
tify the grains of quartz. If in 
doubt, put a grain between two 
pieces of glass and rub them to- 
gether. A grain that looks glassy, 
has no cleavage, and scratches glass 
is probably quartz. 

Count the number of grains in 
your sample. Calculate the per- 
centage of quartz grains. Compare 





the results with an analysis of other 


kinds of sand. 






Grains of Percent 
Quartz Quartz 








Graphite 


Diamond 





Quartz crystals 








Structure of Minerals. The form 
in which a mineral is found depends 
upon its internal structure. If its 
atoms are arranged in regular pat- 
terns, a mineral is crystalline. If the 
atoms are not organized in patterns, 
a mineral is noncrystalline. Two 
minerals may have exactly the same 
chemical formulas but be entirely 
different in their physical properties. 

Carbon is found as three different 
minerals, anthracite coal, graphite, 
and diamond. All are made up of 
pure or nearly pure carbon. The 
atoms of graphite and diamonds are 
organized in two different patterns. 
The atoms of coal are unorganized. 

Order and Disorder. Imagine that 
a bit of quartz could be magnified 
until the atoms are as large as mar- 
bles. You would see two kinds of 
atoms, silicon and oxygen, in propor- 
tions of one to two, as indicated by 
the chemical name, silicon dioxide. 

According to present day theories, 
the atoms would be arranged in the 
pattern shown below. Each silicon 
atom would be surrounded by four 
oxygen atoms, and each oxygen atom 
would be near two silicon atoms. 

Imagine now that the quartz is 
heated until the atoms break away 
from each other and move about 
rapidly. The silicon dioxide would 
become a liquid and could no longer 
be called quartz. 

Imagine finally that the liquid sili- 
con dioxide is cooled so suddenly 
that the atoms cannot arrange them- 
selves in any pattern. They would 
be in a state of disorder. The new 
mineral formed would be noncrystal- 
line. 
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Sudden and Slow Cooling. Heat 
two tablespoonfuls of water to boil- 
ing. Slowly add eight level table- 
spoonfuls of white sugar, stirring the 
water constantly until the sugar has 
dissolved. 

Pour a tablespoonful of the hot 
solution on ice or packed snow. De- 
scribe the appearance of the solution 
after it has cooled. Compare it with 
sugar crystals. Discuss the change 
in terms of order and disorder. 

Pour the remainder of the solution 
into two small bottles. Put one bot- 
tle in a cold place. Put the other in 
a warm place such as on a radiator. 
Examine the contents of the bottles 
a day later. Describe the product 
formed. 

Growing Crystals. Add two 
ounces of alum (the kind sold in 
grocery stores) to half a cupful of 
water. Heat the mixture while stir- 
ring it until all the alum has dis- 
solved. The product is a saturated 
solution. 

Pour the liquid into a small jar. 
Hang a small paper clip by a thread 
in the jar as shown at the right. 
Cover the jar. 

As the solution cools, it becomes 
supersaturated. Alum tends to leave 
the solution as crystals. 
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After a few hours examine the 
crystals which have formed. Which 
ones seem to be the most perfect? 
What happens to crystals that grow 
close together? 

Try growing crystals of other 
chemicals, such as copper sulphate, 
Rochelle salt, Epsom salt, and salt- 
petre. 





Alum crystal 





Milky Quartz 





Amethyst 





Citrine 


Agate 








The Silica Family of Minerals. Silicon dioxide 
(SiO) is commonly known as silica. Over thirty 
different mineral varieties of this chemical com- 
pound have been named. 

Crystalline forms of silica are generally called 
quartz. Specimens show a great range of colour. 
Pure quartz is clear. Quartz filled with tiny cracks 
or bubbles has a milky appearance. Impurities 
give other colours to quartz; brown in smoky 
quartz, violet in amethyst, and pink in rose quartz. 

Silica minerals may be made up of crystals too 
small to be seen with the eye alone. These min- 
erals are classed as microcrystalline. Examples are 
flint, jasper, and chalcedony. The microcrystals in 
chalcedony are arranged in bands. When the 
bands are of different colours, striking-looking 
minerals like onyx and agate are found. 

Noncrystalline silica containing water has been 
named opal. Opal is slightly softer than chal- 
cedony and somewhat more waxy in appearance. 
It may be colourless but is usually stained by im- 
purities. The variety known as precious opal 
shows a beautiful display of rainbow colours. 


Jasper 


Smoky Quartz 








Amethyst stones 


Semiprecious Stones. Several kinds of silica are 
used as gems. The most valuable type is amethyst. 
Clear crystals of quartz are called “brilliants.” 

Quartz gems are not so hard as diamonds or 
rubies. They become scratched and dull after a 
short period of use. Therefore, the quartz gems 
are less valuable than the truly hard gems and are 
classed as “semiprecious” stones. 

Gem Cutting. Many people make a hobby of 
cutting and polishing gems. Silica varieties are 
popular because they are inexpensive and easily 
worked. Some people collect their own stones for 
making gems. 

The simplest method of polishing stones for jew- 
ellery is by “tumbling” them. The stones are put in 
a small barrel of abrasives which is turned over 
and over for a long time. The stones inside are 
tumbled about, gradually losing their sharp edges 
and becoming polished. 

Stones can also be ground smooth on a wheel 
covered with abrasives as shown below. Gems 
with round or curved surfaces are easiest to make. 
More skill is needed to cut flat faces. 


Faceted stones 








Aventurine 





Rose Quartz 











WATER AS A MINERAL 


When most people think of minerals, they think of solids such as iron 
ore and quartz. But minerals need not be solid; our most important 
mineral is usually in liquid form although it may be found in other 
forms. This mineral is water, which plays such an important part in this 


world. 


In the picture above, two states of water can be seen and a third 
state can be imagined. What are these states, where are they, and 
under what conditions does. water change from one state to another? 
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The Density of Water. Find out 
how much a gallon of water weighs. 
Weigh an empty container, pour a 
gallon of water into it, and weigh it 
again. Calculate the weight of the 
water. What are some possible 
errors and how can these errors be 
reduced? 

Density may be expressed as the 
weight per gallon but usually it is 
expressed as weight per cubic foot. 
A cubic foot contains about 614 gal- 
lons. Calculate the density of water 
in pounds per cubic foot. 
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Crystallization of Water. Accord- 
ing to modern theory, molecules of 
warm water are in a state of disorder. 
These molecules slow down as the 
temperature drops. At or near the 
freezing point, they settle into an 
orderly state. The result is crystal- 
line water or ice. 

Ice crystals produced in water are 
usually crowded together and cannot 
develop perfect crystal shapes. The 
crystals that form high in the air are 
more nearly perfect. Study the pic- 
tures of snowflakes. What do these 
snowflakes all have in common? 

Watching Water Freeze. Fill a 
large pan with crushed ice. Add 
enough water to cover the ice and 
then stir in enough salt to make a 
saturated solution. 

Set an aluminum-foil dish (frozen 
food dish) in the ice-salt mixture. 
Pour into the dish just enough water 
to make a thin layer on the bottom. 

Within a minute or two, the water 
will cool to the freezing temperature. 
A few moments later it will cool be- 
low the freezing temperature. How- 
ever, the water molecules may not ar- 
range themselves in ice crystal pat- 
terns immediately. The water re- 
mains in the liquid state but is said 
to be supercooled. 

Drop a tiny crystal of ice into the 
supercooled water. Watch the 
changes that take place. Discuss 
these changes in terms of order and 
disorder. 





The Specific Gravity of Ice. Make 
a hole near the top of a plastic dish. 
Fill the dish with ice water. 

Wipe a large ice cube dry with pa- 
per towels and weigh it. Put the ice 
cube in the plastic dish, hold it be- 
neath the surface with two sticks, 
and collect the overflow. Weigh the 
overflow. 

Does the ice cube weigh more or 
less than the same volume of water? 
What is the specific gravity of the ice 
cube? What are some possible 
sources of error and how might they 
affect the results of this experiment? 
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Rain 


Evaporation from 





Minerals in Water. A number of 
chemicals are found dissolved in the 
water of lakes, streams, and oceans. 
These chemicals come from the 
earth’s crust which contains many 
soluble minerals. 


This cave represents dissolved ma- 
terials carried off by hard water. 





The picture above shows why 
streams contain minerals in solution. 
Trace the movements of water 
through the water cycle. What is 
the source of energy that moves the 
water? How does the water obtain 
dissolved minerals? Why is ocean 
water saltier than river water? 

Hard Water. Water that has 
passed through limestone is often 
called “hard” water. The chemicals 
in this water interfere with the action 
of soap when the water is used for 
washing. 

The most common chemical in 
hard water is calcium bicarbonate. 
Calcium bicarbonate gives “tempo- 
rary hardness to water. The chem- 
ical can be driven from the water by 
heating. 

Calcium sulphate (gypsum) and 
magnesium sulphate (Epsom salt) 
give “permanent” hardness. These 
chemicals cannot be driven from wa- 
ter by heat; more expensive methods 
must be used. 
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Test water for temporary and per- 
manent hardness. Boil a test tube of 
water for several minutes. Cloud- 
iness shows that the water contained 
calcium bicarbonate. Add half a 
teaspoonful of sodium carbonate 
(washing soda) to a test tube of 
water. Cloudiness indicates that a 
sulphate was dissolved in the water. 

Minerals in Hot Springs. Many 
minerals such as silicon dioxide do 
not dissolve readily in cold water but 
become much more soluble in water 
at high temperatures. Water that 
has been heated by passing through 
hot rocks deep within the earth usu- 
ally contains increased amounts of 
dissolved minerals. 

Hot Spring Deposits. Water from 
hot springs and geysers cools quickly 
when it reaches the surface. The 
water becomes supersaturated with 
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some of the minerals in solution and 
these minerals collect around the 
openings of the springs. 

Calcium carbonate may deposit 
from hot spring water as travertine. 
Silicon dioxide may deposit as opal; 
a special variety of opal found 
around geysers in Yellowstone Park 
has been named geyserite. 


Travertine 











COMPOSITION OF SEA WATER 
Parts per 
Dissolved Substance Million Parts of 
Sea Water 
Sodium chloride (NaCl) D7 2N3 
Magnesium chloride (MgCl») 3,807 
Magnesium sulphate (MgSO4) 1,658 
Calcium sulphate (CaSO 4) 1,260 
Potassium sulphate (KSO4) 863 
Calcium carbonate (CaCO:;) 123 
Magnesium bromide (MgBr») 76 
Others—traces in varying amounts 
Total 35,000 








Ocean Water. Every river pours 
tons of minerals into the sea yearly. 
These minerals remain behind when 
the water evaporates. Thus the 
oceans have become treasure houses 
of valuable minerals. 

Sodium chloride has been taken 
from ocean water for thousands of 
years. Only recently, however, has 
man begun to extract other chem- 
icals on a large scale. Today, nearly 





all the world’s supply of magnesium 
and bromine comes from sea water. 

Extraction of Magnesium. The 
magnesium chloride dissolved in 
ocean water provides an endless sup- 
ply of this valuable metal. Calcium 
oxide (made by roasting limestone 
or oyster shells) is added to ocean 
water. Insoluble magnesium hy- 
droxide is produced and allowed to 
settle out in huge tanks. 

The magnesium hydroxide is then 
filtered from the water, pressed 
nearly dry, and treated with hydro- 
chloric acid. This treatment pro- 
duces magnesium chloride once 
more, but now the mineral is free 
from the other minerals in ocean wa- 
ter. 

The magnesium chloride is finally 
separated by electrolysis into chlo- 
rine and magnesium metal. 


Acid plant 





aati, A 





These are the electrodes used in the electrolysis of magnesium. The vat contains 


molten magnesium chloride. An electric current is sent through the liquid. Mag- 
nesium collects at one electrode; chlorine is given off at the other. 


Experimental Research 


. Remove magnesium chloride from sea water 
by the method just described. Add calcium 
hydroxide (slaked lime) to sea water to pro- 
duce insoluble magnesium hydroxide. Filter 
off the cloudy material (magnesium hydrox- 
ide), mix it with dilute hydrochloric acid to 
produce magnesium chloride again, and 
evaporate the water. 

. Boil down a gallon of hard water or ocean 
water, completing the evaporation in a small 
dish. Weigh the solid material remaining 
and calculate the percentage of dissolved 
solids in the water sample. 

. Measure the angle between cleavage faces or 
crystal faces with the device shown below. 
Cut two discs of cardboard the size of a sheet 
of polar co-ordinate paper. Insert a thumb- 
tack through the centre of each disc, glue 
the discs together as shown, and glue the 
co-ordinate paper to the top disc. 

Mount a mineral specimen in plasticine or 
modelling clay on the top thumbtack. Ask 
someone to read the angle through which you 
turn the disc as you sight a reflection from 
first one face and then the next face of the 
specimen. 
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Natural light 

Re Fes 4, Test minerals with ultraviolet light. Mount 
' one or two argon glow lamps in a box. Com- 
pare the way minerals look in white light 
and light from the lamps. Some minerals 
glow (fluoresce ) in ultraviolet light. (CAU- 
TION: Do not look directly at a glow lamp; 
ultraviolet light harms the retinas of the 
eyes. ) 

5. Put a drop of saturated table salt solution on 
a microscope slide. Watch the growth of 
crystals as the water evaporates. Keep a 
record of the manner of growth. Try other 
salts in the same way. 

6. Test vermiculite as a heat insulator. Fill two 
bottles with the same amount of hot water. 
Put thermometers through one-hole stoppers 
into the bottles. Bury one bottle in vermicu- 
lite; leave the other in open air. Keep a rec- 
ord of the temperature changes and plot the 
results on graph paper. 

7. Determine the density of sea water. Weigh 
a gallon and calculate the weight of a cubic 
foot. Also weigh a gallon of fresh water and 
compare the weights of the two kinds of 
water. Calculate the specific gravity of sea 
water. 

. Measure the expansion of plaster of Paris 
when it sets. Cut a ring of metal from a tin 
can. Slit the ring and hold it together with a 
strong rubber band. Pour a mixture of 
plaster of Paris and water in the ring. After 
the plaster has set, measure the amount the 
edges of the ring have separated. 
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9. 


10. 


Ee 


12. 


13. 


14. 


Select a large fragment of copper sulphate. 
Make a diagram of it, measure each dimen- 
siom carefully, and record the results on the 
diagram. Suspend the fragment in a super- 
saturated solution for a few hours. Then re- 
measure the fragment to find out if growth 
was equal in all directions or faster in some 
directions than others. 

Grind up different kinds of iron ores. Put a 
quarter-teaspoonful of each sample in a sepa- 
rate test tube. Add a little concentrated hy- 
drochloric acid. (CAUTION: This acid will 
burn your skin and clothing.) Note the col- 
our of the liquid in each test tube. Use this 
method as a test for iron in rocks and soils. 
Weigh limonite before and after heating to 
determine the amount of water of crystalliza- 
tion driven off by heating. 

Test bones, shells, egg shells, and other or- 
ganic materials for calcium carbonate by the 
dilute hydrochloric acid test. 

Produce lead from galena. Place a small 
piece of galena in a hollow made in a char- 
coal block. Blast the galena with the inner 
part of a blowpipe flame as shown below. 
The specimen will become white hot and 
then melt. Let the little ball of metal cool 
and then examine it. 

Produce copper from cuprite (an ore of cop- 
per) by the method just described for pro- 


ducing lead from galena. 
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Other Investigations and Projects 


Make a mineral collection. Look for speci- 
mens at ledges, quarries, mine dumps, and 
lake shores. Keep specimens in boxes or car- 
tons, each by itself. Number the specimens, 
using India ink on a spot of quick-drying 
enamel. Prepare a card file or catalogue that 
gives the names, places, and dates collected, 
together with the name of the collector. 

Ask a jeweller to display different kinds of 
gems and describe their properties. 

Make sandpaper. Crush quartz, flint, or 
garnets and sift the powder through differ- 
ent sizes of wire screening to sort it. Coat 
sheets of tough paper with sodium silicate 
(water glass), sprinkle them with the powder, 
and let them dry. 

Prepare a report on the methods by which 
an important metal such as copper is ex- 
tracted from its ore. ° 

Arrange a trip to a museum where minerals 
are displayed. Find out which ones can be 
found locally and how they are used. 

Visit an amateur gem cutter and watch him 
at work. Prepare a report on gem cutting. 
Prepare an exhibit of important minerals and 
their products. 

Find out from a scout manual how pioneers 
used flint and steel for building fires. Prac- 
tice the method and demonstrate it to your 
class. 





A flint-and-steel set contains: 1. Hold flint and punk between fingers. Aim blows of steel so sparks will fly 
Punk, the material to catch the spark. Wick \%. in from edge of flint. With into punk. When spark is caught and 
2. Flint or quartz. 3. File or jacknife. back of blade, strike glancing blows, ember starts glowing, place punk in 
4. Tinder, such as cedar bark. vertically against the edge. tinder. Blow with soft blows. 
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10. 


11. 


12. 


13. 


. One method by which early men put sharp 


edges on their flint tools is shown at the 
right. Find a piece of flint and a deer’s ant- 
ler and try to produce a good cutting tool. 
Make some silica. Mix a teaspoonful of so- 
dium silicate (water glass) with three tea- 
spoonfuls of dilute hydrochloric acid. Silica 
gel will form. Heat the gel in a can lid over 
a flame until the water is driven off. The 
product remaining is silica. Test its hard- 
ness by rubbing it between two pieces of 
glass. 

Construct with wooden beads and pipe 
cleaners a model of crystalline quartz like 
that shown in this chapter. 

Prepare a report on the substances dissolved 
in the water of mineral springs, the sources 
of these substances, and the ways mineral 
spring water is used. 

Make and use a blast furnace. Reinforce a 
5-inch and a 6-inch clay flower pot with sev- 
eral turns of wire around the outside. Coat 
both pots inside and out with a l-inch layer 
of furnace cement. Leave the holes in the 
bottom open. When the clay has hardened, 
set up the furnace as shown in the diagram. 
This is best done outdoors. Build a fire in 
the furnace, adding coke or charcoal until 
the bottom half is filled with glowing coals. 
Add crushed hematite and more fuel. When 
the fuel is burned out, let the furnace cool 
and examine the product. 


Flower pots 
covered with 


Vacuum cleaner 
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Review Questions 


1. What test can be used to tell whether the 

crystals shown at A are quartz or calcite? 

What is the mineral shown at B? 

What type of cleavage is shown at C? 

How is oxygen removed from iron ores? 

What elements make up pyrite? 

What is meant by the statement that galena 

has a specific gravity of ihay a 

Why is quartz such a common mineral? 

8. What happens to gypsum when it is heated 
to a high temperature? 

9. What are the two most plentiful minerals in 
sea water? 

10. Under what conditions does silica dissolve 
readily in water? 

11. What is the most abundant mineral in rocks? 

12. What are some chemicals produced by the 
electrolysis of minerals in sea water? 

13. What properties made flint so important 
during the Stone Age? 
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Thought Questions 


1. Why is a sapphire classed as a precious stone 
while an amethyst is classed as semiprecious? 

2. Judging from the formulas, does magnetite or 
hematite contain the greater amount of oxy- 
gen? What are the proportions? 

3. Under what conditions would beds of salt 
and gypsum be deposited from sea water? 

4, How many directions of cleavage are shown 
by the fragment of fluorite? 

5. Why does cutting facets on a gem such as a 
sapphire increase its brilliance? 

6. Under what conditions might a geode form? 
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Rocks and Their Changes 


The solid part of the earth is made up of many different kinds of rocks. 
Some of the rocks are as old as the earth; others are young when compared 
with geologic times. Some of the rocks have been changed greatly since 
they were formed; others have changed very little. 

All rocks on the surface are changed by the agents of erosion. They 
may be broken into loose pieces which are carried away, deposited, and 
formed into rocks again. They may be dissolved and become a part of 
_the ocean. | ; . 
_ Rocks deep within the earth are sometimes changed by heat and pres- 
sure. New minerals may form, or a rock may melt completely and be- 
come an entirely different rock when it hardens. 
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SEDIMENTARY ROCKS 


Materials which have been deposited by wind or water are called 
sediments. Gravel, sand, mud, and dust are common examples. Shells, 
bones, and the remains of plants are also considered to be sediments. 

Sediments which have hardened into a solid mass are called sedi- 
mentary rocks. Sand becomes sandstone and clay hardens into shale. 
The remains of plants may become coal. 

Sedimentary rocks can also be formed when minerals are deposited 
from a solution. Salt remaining from a dried-up sea is a sediment 
which may later become a sedimentary rock. Deposits around hot 
springs and geysers are also sedimentary rocks. 


Sources of Sediments. Most sedi- 
ments are produced by the erosion 
of rocks. The products of erosion 
are (1) chemicals dissolved from the 
rocks, and (2) solid particles that 
are swept away by wind or water. 

Plants and animals are a second 
source of sediment. Many organ- 
isms produce wood, shells, bones, 
or other solid materials which re- 
main when the organisms die. These 
products may later become sedi- 
ments. 


Bedded Sediments. Sedimentary 
deposits are often made up in layers. 
These layers differ from each other 
in the size of their particles and 
sometimes in colour. A picture of 
bedded clay is shown on the next 
page. A picture of bedded sand- 
stone is shown above. 

Beds represent changes in condi- 
tions during the time when the sedi- 
ments were being deposited. Part 
of the history of a rock can be de- 
termined by a study of its bedding. 
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Producing Bedded Sediments. 
Mix three tablespoonfuls of coarse 
sand with one tablespoonful of pow- 
dered clay in a cup of water. Stir 
the mixture rapidly and at the same 
time pour it into a quart jar of water. 
Note what happens immediately. 
Examine the jar again half an hour 
later. Compare the rates at which 
sand and clay are deposited. Under 
what conditions is the clay depos- 
ited? 

Dip a cupful of water from the jar 
and pour in another mixture of sand 
and clay. Repeat the process at in- 
tervals until several layers have been 
formed. 

Causes of Bedding. Study the 
photograph of bedded clay. The 
thin layers are made up of fine par- 
ticles. The thick layers are made 
up chiefly of large particles. 

Geologists believe that bedding of 
this type is caused by seasonal 
changes in the flow of streams. If 
they are correct, at what season 
might the thick layers have been de- 
posited? When might the thin lay- 
ers have been deposited? How 
many layers were probably depos- 
ited each year? 

Sorting of Sediments. The dia- 
gram below shows the mouth of a 
river emptying into a bay. Explain 
why the sediments are sorted as 








shown here. How might seasonal 
changes affect the deposits in each 
place? How might a flood or a year 
without rain affect them? 

Make a diagram to show the type 
of deposits if five years of dry weath- 
er were followed by five years of 
heavy rains. 








Identifying Common Sediments. 
Examine gravel and sand with a 
hand lens. Look for quartz, the most 
common mineral in these sediments. 
Quartz has a glassy appearance and 
is hard enough to scratch glass. Test 
the hardness of small grains by rub- 
bing them between pieces of glass. 

Rub dry, powdered clay between 
your fingers and note the feel. Clay 
is made up of extremely small, flat 
flakes that feel smooth. Fine sand 
feels gritty. 

Wet some clay and note its odour. 
Note also that it is plastic; the flat 
flakes cling together when wet but 
slide past each other because the 
water reduces the friction between 
them. Mud is not plastic. 

Identifying Sedimentary Rocks. 
On these pages are shown the most 
common types of sedimentary rocks. 
How can you identify conglomerate 
and breccia by their appearance 
alone? 

Examine a freshly broken piece of 
sandstone with a hand lens. How 
can you identify this type of rock? 

Compare the strengths of shale 
and sandstone. How does shale 
break? Crush a bit of shale and rub 
the powder between your fingers. 
Breathe on shale to moisten it and 
note its odour. What do these tests 
show? 


Put a drop of dilute hydrochloric 
acid (see Appendix) on limestone. 
What happens? 

Impure Sedimentary Rocks. 
Sandstones sometimes contain a lit- 
tle clay. Such a rock is called a 
shaley-sandstone. A sandstone that 
contains some calcium carbonate is 
called a limey-sandstone. 

What might you call a shale that 
contains sand?’ What might you call 
a limestone that contains clay? 

Colours of Sedimentary Rocks. 
Pure quartz sandstone, pure lime- 
stone, and pure clay shale are white. 
Small amounts of impurities may 
give these rocks other colours. 

- Carbon in a rock darkens it, mak- 
ing it gray or black, depending upon 
the amount present. Carbon can be 
identified by heating a rock enough 
to oxidize the carbon. Crush a piece 
of black shale to a powder and heat 
the powder red hot in a test tube. 
If the powder becomes white or 
gray, the colour is due to carbon. 

Red iron oxide (hematite) colours 
rocks bright red. Hydrated iron 
oxide (iron oxide united with wa- 
ter) colours rocks yellow or brown. 
Crush a yellow or brown rock to a 
powder and heat the powder to drive 
off the water of hydration. If the 
rock becomes red, the colour was | 
due to hydrated iron oxide. 
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Making Artificial Rock. Natural 
rocks form too slowly for classroom 
experiments. Therefore, the follow- 
ing experiment deals with the mak- 
ing of an artificial rock. 

There are certain resemblances 
between this experiment and a real 
situation, There are also many dif- 
ferences. Conclusions will be drawn 
in terms of the resemblances; the 
differences will be ignored but not 
forgotten. 

Fill a paper cup to a depth of one 
inch with coarse sand. Add enough 
saturated solution of Epsom salt to 
cover the sand. Mix them well. 

Let the mixture stand until dry 
(two or three days). Cut off the 


paper cup and study the newly made 
rock with a hand lens. Where is 
the Epsom salt?» How does it hold 
the sand together? 

Formation of Natural Rocks. The 
artificial rock just formed is held to- 
gether by the Epsom salt which crys- 
tallized around the grains of sand. 
Natural sediments are sometimes ce- 
mented in the same fashion. 

Other processes also help form 
sedimentary rocks. Compression 
squeezes sediments together thus 
making molecular attraction more 
effective. Particles may also soften 
and flow together, becoming inter- 
locked when they harden again. 

These three processes, of which lit- 
tle is known, are slow and usually 
take place under the surface of the 
earth. 

Natural Cements. The most com- 
mon cements in sedimentary rocks 
are calcium carbonate, silicon diox- 
ide, and iron oxide. All are depos- 
ited from ground water solutions. 
Calcium carbonate may crystallize 
as calcite and silicon dioxide may 
crystallize as quartz. 

These three chemicals may also be 
deposited as a moist, jelly-like sub- 
stance called a gel. Such a gel 
slowly hardens, losing its water and 
forming microscopic crystals. 


SCIENTIFIC ANALOGIES. Many processes cannot be studied di- 
rectly. Therefore, scientists set up experiments that are as much like 
real situations as possible. They study the information gained by these 
experiments and apply it to real situations by analogy (resemblances ). 


The use of analogies has led to many important discoveries but analo- 
gies should never be considered as proof. There are always differences 
that cast doubt on conclusions. 
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Ground water 





Making Conglomerate. Mix equal 
parts of fine sand and calcium hy- 
droxide (hydrated lime). Add coarse 
sand and some pebbles. Moisten 
the mixture with water and pour it 
into a paper cup. After a few days, 
examine the rock which has been 
formed. 

The above mixture loses much of 
its water by evaporation within a few 
hours. Then the calcium hydroxide 
unites slowly with carbon dioxide 
from the air, changing to calcium 
carbonate, a strong cement. 

Making Silica. Put a teaspoonful 
of sodium silicate (“water glass”) 
into a can lid. Add three teaspoon- 
fuls of dilute hydrochloric acid. 
Note the reaction. The new material 
formed is silica gel. 

Heat the silica gel over a hot flame 
to drive out the water. The gel be- 
comes noncrystalline silica (silicon 
dioxide ). Examine bits of the silica 
with a microscope. Test the hard- 
ness by rubbing a few grains be- 
tween pieces of glass. 
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Cement 


Cementing with Silica Gel. Mix 
a tablespoonful of dry sand and a 
tablespoonful of sodium silicate in a 
can lid until all the sand is moist- 
ened. Then add two teaspoonfuls 
of dilute hydrochloric acid. 

Heat the mixture over a flame un- 
til it becomes hard. Let the mass 
cool, break it open and compare it 
with natural sandstone. 


Hydrochloric a 
acid Le 
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Calcium carbonate is 


Limestone. 
the chief chemical in limestone; it is 
usually in the form of microscopic 
calcite crystals. Clay and sand may 
be present as impurities. Carbon 
from long dead organisms colours 
limestone gray or black. 

Sediments from which limestone 
is made are usually cemented by ad- 
ditional calcium carbonate brought 
in by ground water. In addition, the 
sediments may recrystallize under 


pressure, producing interlocking 
crystals that hold the sediments to- 
gether. 


Limestone from Living Things. 
Numerous organisms build skeletons, 
teeth, and protective coverings from 
calcium carbonate. When the or- 





ganisms die, their remains become 
sediments which may turn into lime- 
stone. 

Aquatic organisms get most of 
their calcium carbonate from the wa- 
ter which surrounds them. Water 
usually contains some calcium bi- 
carbonate which many species can 
break up chemically into calcium 
carbonate, carbon dioxide, and wa- 
ter. 

Shell Limestone. Some enormous 
quantities of shells are found in 
warm seas and on surrounding 
beaches. Some beaches in tropical 
regions are made up almost entirely 
of shells, some whole and others 
broken up by wave action. 

Early stages in the formation of 
shell limestone can be seen in south- 
ern Florida where great masses of 
shells have been loosely cemented 
together. The resulting rock is 
called coquina. 

Similar rocks have been formed in 
the distant past. Many old lime- 
stones are also made up almost en- 
tirely of shells. However, these old 
limestones are much more com- 
pressed and more firmly cemented 
than coquina, 
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Chalk. Natural chalk is made up 
chiefly from shells of microscopic 
one-celled animals. Layers hun- 
dreds of feet thick have been formed 
from the remains of these tiny or- 
ganisms. The famous “white cliffs” 
of Dover, England, are of chalk. 

Crumble some natural chalk 
(blackboard chalk is made chemi- 
cally today). Mix the powder in a 
cup of water, let it stand for a min- 
ute while the large pieces settle out, 
and then pour off the milky liquid 
into a glass. After the fine particles 
have settled from the water, ex- 
amine them with a microscope. 

Coral Reefs. Many islands are 
made up of coral reefs. A coral reef 
is the product of colonies of small 





coral animals which build protective 
coverings of calcium carbonate. 
Through the centuries, these reefs 
grow upward and outward. 

Other organisms live on or in holes 
in coral reefs. When they die, their 
remains are added to the reefs. Es- 
pecially important are certain one- 
celled plants which produce enor- 
mous quantities of calcium carbon- 
ate as they grow. 
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Chemical Precipitation. Dissolve 
a teaspoonful of sodium carbonate 
(washing soda) in a cupful of water. 
Dissolve half a teaspoonful of cal- 
cium hydroxide (hydrated lime) in 
another cupful of water. Filter the 
two solutions and then mix them to- 
gether. 

What happens as the chemicals 
react? Examine the mixture a few 
hours later. Filter off the sediment 
and test it with dilute hydrochloric 
acid. 

The white sediment is calcium car- 
bonate which is insoluble. It set- 
tled out (precipitated ) as solid par- 
ticles. 


Calcium Bicarbonate. Calcium 
bicarbonate is a close relative of cal- 
cium carbonate. It is completely 
soluble but somewhat unstable. It 
breaks up easily into calcium car- 
bonate, water, and carbon dioxide. 


calcium calcium carbon 
bicarbonate carbonate water dioxide 


Ca(HCOn, = CaCO; 1.022 CO 

The downward pointing arrow in- 
dicates that the calcium carbonate 
settles out (precipitates). The up- 
ward pointing arrow indicates that 
the carbon dioxide escapes as a gas. 

Limestone by Chemical Action. 
Calcium bicarbonate dissolved in 
streams, lakes, and oceans is affected 
by several agents. High tempera- 
tures break up the compound. 
Evaporation has the same effect, car- 
bon dioxide escaping as the water 
evaporates. Green aquatic plants 
extract carbon dioxide from the com- 
pound, leaving the insoluble calcium 
carbonate. 

The precipitate, calcium carbon- 
ate, falls to the bottom, mixed usu- 
ally with clay, fine sand, and plant 
remains. The mixture, called marl, 
may be compressed, cemented, and 
recrystallized to form limestone. 


Hot water pipes are often lined with a deposit of calcium carbonate which has 
been precipitated from hard water by high temperatures. 





Calcium Carbonate to Calcium 
Bicarbonate. When carbon dioxide 
dissolves in water, part of it unites 
with the water to produce carbonic 
acid. 


carbon carbonic 
dioxide water acid 


CO, + H.O =e H.CO; 


Carbonic acid can react with cal- 
cium carbonate to produce calcium 
bicarbonate, 


carbonic calcium calcium 
acid carbonate bicarbonate 


HCO, CaCO, > Ca(HCO,), 

The two reactions — illustrated 
above are very important in the ero- 
sion of limestone. 

Dissolving Limestone. Punch a 
number of holes in the bottoms of 
two cans. Tie paper towels over the 
holes as shown above. Fill the cans 
with crushed limestone. 

Pour a pint of distilled water (rain 
water) in one can. Bubble carbon 
dioxide through another pint of dis- 
tilled water until blue litmus paper 
turns pink and shows that an acid 
has formed. Pour this slightly acid 
water through the other can of lime- 
stone. 

Collect and evaporate the water 
that trickles through the two cans. 








Compare the amount of solid mate- 
rial that remains from each. De- 
scribe the chemical reactions that 
took place. 

Measuring the Purity of Lime- 
stone. Crush a sample of limestone 
and weigh the powder. Mix the 
powder with dilute hydrochloric 
acid, adding more acid as needed 
until all bubbling stops. Any sedi- 
ments that remain are impurities. 
What happens to the calcium car- 
bonate? 

Filter out the sediments. Dry 
them over low heat and weigh them. 
Calculate the percentage of impuri- 
ties in the original sample. 





Limestone Caves. Water contain- 
ing carbonic acid slowly erodes the 
limestone through which it trickles. 
Calcium carbonate is changed to cal- 
cium bicarbonate and is then car- 
ried away in solution. 

Thus the cracks in limestone are 
gradually made larger. In time, 
spaces may become large enough for 
people to enter. 

At some time in the past, every 
limestone cave contained a stream. 





Many caves that are dry today were 
formed during periods of greater 
rainfall. Other dry caves were 
formed by streams that are now flow- 
ing at lower levels. 

Sinks. The roofs of caves near the 
surface may weaken and fall in. 
The pits that are formed are called 
sinks. Sinks are common features of 
the landscape in limestone regions. 

A sink may be dry or it may be 
filled with water, especially in wet 
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seasons. A sink may lead into a cave 
but commonly it is choked with tum- 
bled rocks and deposits of soil. 

Cave Deposits. Limestone caves 
often contain weird, yet beautiful 
formations. These are produced 
from mineral solutions _ trickling 
through cracks into the caves. 

Perhaps a drop of calcium bicar- 
bonate solution oozes from a crack 
in the ceiling of a cave. The drop 
evaporates before it can fall, leaving 
a tiny bit of calcium carbonate be- 
hind. As the process is repeated 
again and again through the years, 
an icicle-shaped stalactite grows 
down from the ceiling. 

Perhaps the solution flows a little 
faster. Now the drops fall to the 
floor before evaporating. An up- 
ward-growing stalagmite is pro- 
duced on the floor of the cave. 

The solution may trickle down a 
wall or slope. Then calcium car- 
bonate is deposited as flowstone. 

Explain why stalactites are sharp 
pointed and why stalagmites are 





blunt. What conditions might cause 
a stalagmite to form directly be- 
neath a stalactite and perhaps join 
it? 
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IGNEOUS ROCKS 


Rocks that form when molten rock material cools are classed as igne- 
ous rocks. The term “igneous” is not truly suitable for these rocks be- 


cause it refers to fire (as in the word “ignite” ). 


Igneous rocks were 


named long ago when people believed that volcanoes were burning 


mountains. 


Igneous rocks may be divided into two groups. The rocks that form 
at or near the surface, as when lava cools, are called volcanic rocks. 
Those that form deep within the earth are called plutonic rocks. There 
are many uncertainties about the formation of plutonic rocks just as 
there are uncertainties about all processes that take place within the 


earth. 


Magma. Geologists call molten 
rock deep within the earth magma. 
They call molten rock that reaches 
the surface lava. Magma may or 
may not be the same as lava; prob- 
ably it is not. Geologists believe that 
magma contains large amounts of 
dissolved gases which escape before 
the magma reaches the surface. Dis- 
solved gases probably affect the 
chemical and physical behaviour of 
magma and make it unlike lava. 


Over 40 different kinds of magma 
have been identified from a study of 
plutonic rocks. This evidence helps 
disprove the theory that the centre 
of the earth is one large body of mol- 
ten rock from which all igneous 
rocks are produced. 

Movements of Magma. Nearly 
all that is known about magma has 
been gained by the study of ancient 
rocks formed deep within the earth 
and now uncovered by erosion. It 
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is believed that magma makes its 
way upward from great depths, 
melting its way through bed rock. 
Sometimes the magma cools to form 
huge bodies of rock miles across and 
thousands of feet underground. 

Small amounts of magma may 
squeeze into cracks in bedrock, mov- 
ing outward or upward. The mag- 
ma may reach the surface and flow 
out as lava. 

Molten rock which reaches the sur- 
face cools quickly and becomes rock 
within a few hours or days. Magma 
in cracks may need years to harden. 
Magma in large bodies far beneath 
the surface probably requires thou- 
sands of years to harden completely. 

Effect of Cooling Rate. The cool- 
ing of molten rock materials cannot 
be studied directly. Conclusions 
must be drawn from analogies. 

Slowly heat a tablespoonful of 
powdered sulphur until it melts. 
Pour the liquid sulphur into a paper 
cone as shown at the right. Then 
melt an equal quantity of sulphur 
and pour it into cold water. 

After the sulphur has hardened, 
break open the masses and examine 
them with a hand lens. How has 
the rate of cooling affected the sul- 
phur? 
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The Cooling of Molten Rock. Ge- 
ologists believe that the nature of 
an igneous rock depends partly upon 
the rate at which it cools. Very 
rapid cooling freezes the atoms into 
a state of disorder; the resulting rock 
is noncrystalline. Slower cooling 
gives the atoms time to arrange 
themselves in crystals. The slower 
the cooling the larger the crystals. 





Powdered sulphur 


Volcanic Rocks. Volcanoes pro- 
duce two types of rock materials. 
Molten rock which flows out is called 
lava. Pulverized rock produced by 
explosions is called volcanic ash. 

Large particles of ash, sometimes 
called cinders, fall near a volcano. 











These particles may later be cement- 
ed to form a-rock called volcanic 
breccia. Small particles are often 
blown away by the wind and are de- 
posited at some distance away; they 
become a rock called tuff if cement- 
ed together. 


: - Obsidian 





~~ Scoria 
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Lava cools too quickly for crystals 
to form. Sometimes it hardens into 
a kind of glass called obsidian. 
Usually, however, lava is filled with 
gas bubbles. Such lava hardens into 
a rock containing many holes, known 
as scoria. Froth on molten lava 
hardens into pumice. 

Volcanic rocks also include the 
rocks formed when lava cools within 
a volcano or in cracks nearby. Cool- 
ing in such locations is slow enough 
for microscopic crystals to form. 
Two groups of this type of igneous 
rock are recognized: (1) those made 
up chiefly of dark-coloured minerals 
and called basalt, and (2) those 
made up chiefly of light-coloured 
minerals and called felsite. 

Plutonic Rocks. All rocks classed 
as plutonic have large crystals. If 
some of the crystals are much larger 
than all the others, the rock is called 


a porphyry. 





Felsite Porphyry 
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Granite is the most familiar of the 
plutonic rocks. It is made up chiefly 
of the light-coloured minerals feld- 
spar and quartz. Diorite is another 
light-coloured plutonic rock but it 
contains little or no quartz. 

Gabbro is made up of dark-col- 
oured minerals; it contains some 
feldspar. Peridotite is dark-coloured 
but contains no feldspar. 





Granite 








22 Perldottie. 





Quartz 





Feldspar 


Biotite mica 


Identifying Minerals in Rocks. 
Use a hand lens to study a piece of 
granite that has large crystals. 
Weathered granite should be broken 
with a hammer to expose fresh sur- 
faces. 

Feldspar breaks smoothly along 
surfaces at right angles to each other 
(right angle cleavage). These sur- 
faces give brilliant reflections. The 
cleavage makes identification cer- 
tain. 

Quartz grains break irregularly 
and have a glassy look. They reflect 
less light than feldspar and so they 
look both duller and darker. 

Mica can be identified by its cleav- 
age into thin sheets. Use the point 
of a knife to test the cleavage. 


Magnetite may be present among 
the dark grains in granite. Pry out 
some dark grains and test them with 
a magnet. 

Analysis of Granite. Choose a 
granite specimen that has a flat or 
nearly flat surface: a polished piece 
is excellent. Become acquainted 
with the minerals in the rock by 
studying the rougher surfaces. 

Lay a square of window screening 
on the rock and mark through 100 or 
more holes with a wax pencil. Iden- 
tify the mineral under each mark, 
count the number of marks on each 
kind of mineral, and calculate the 
percentage composition of the rock. 
Analyse other specimens of granite 
in the same way. 

Analysing Other Plutonic Rocks. 
Feldspar is the most abundant min- 
eral in plutonic rocks. Quartz is 
abundant only in granite. Dark 
minerals, such as black mica and 
magnetite, are abundant in gabbro 
and peridotite. The proportions of 


‘each mineral determine the type of 


rock. 

The chart on the next page helps 
identify plutonic rocks. Analyse a 
specimen for feldspar, quartz, and 
dark minerals. Then compare the 
percentages with those given by the 
chart. 





Window screening 


Magnetite | Other 








Red 


Gray 








pee Feldspar| Quartz| Mica 


granite 


granite 


56% 32% | 4% — 8% 


64% 30% | 2% 2% 2% 











258 


Dark Minera 


Quartz 


Dark 
Minerals 


75% 


50% 


25% 


| 
2 | 


Large crystals 


Granite (2.64 to 2.76) Dio 


rit 


Quartz __ 





e (2.5 


Dark 
Minerals 


Dark 
Minerals 


Sy New 


2) Gabbro (2.9 to 3.1) 





Microcrystals "\ Felsite (2.6 to 2.8) 


> Basalt (2.4 to 3'.1)) 








Glassy Pumice (0.9 to 1.3) 


Obsidian (2.2 to 2.7) 





Scoria (1.5 to 3.0) 





Density of Plutonic Rocks. One 
rock may be made up of heavy min- 
erals, another of light minerals. 
Such rocks have different densities, 
that is, equal-sized pieces of the two 
rocks have different weights. 

Density can be helpful in identify- 
ing some of the plutonic rocks. 
Such microcrystalline rocks as basalt 
look much like some of the fine- 
grained sedimentary rocks. How- 
ever, there is usually a difference in 
density. 

Densities of rocks are usually com- 
pared with the density of water. 


Results are expressed as specific . 


gravity. A rock that is twice as 
heavy as the same volume of water 
has a specific gravity of 2.0. A rock 
three times as heavy as the same vol- 
ume of water has a specific gravity 
O10! 


Determining Specific Gravity. 
The simplest way to measure the 
specific gravity of a specimen is to 
weigh it and then weigh an equal 
volume of water. Then divide the 
weight of the specimen by the 
weight of the equal volume of water. 
The equal volume of water can be 
obtained as shown below. 

A more accurate method is to 
weigh the specimen first in air and 
then in water. It happens that the 
loss of weight in water exactly 
equals the weight of an equal vol- 
ume of water. 

The diagram below shows a spe- 
cial balance that can be made for 
determining specific gravity of small 
specimens. A specimen is placed on 
the upper container and weighed in 
air. It is then placed on the lower 
container and weighed in water. 





Weathering of Igneous Rocks. 
Most igneous rocks are strong and 
tough when they are first formed. 
However, some of the minerals in 
igneous rocks are easily affected by 
chemicals in air and rain. The 
chemical reactions weaken a rock in 
two ways: (1) Mineral grains may 
increase in size by uniting with oxy- 
gen or water. This increase in size 
wedges other grains apart and. loos- 
ens them. (2) The products formed 
by the reactions may be soft or solu- 
ble. Removal of the products by 








wind or rain leaves the remaining 
grains with less support. 

Changes in Feldspar. Feldspar 
reacts slowly with water and carbon 
dioxide. The products of the re- 
action include clay, silica, and one 
or more carbonates. The equation 
for changes in one form of feldspar 
(orthoclase ) is: 

feldspar + water + carbon dioxide — 
clay + silica + potassium carbonate 
- Potassium carbonate is soluble 
and is soon removed by water. Clay 
crumbles and is washed or blown 
away. 

Feldspar reacts slightly with car- 
bon dioxide and water in the labora- 
tory. Grind up a piece of feldspar 
to a fine powder. Put half a tea- 
spoonful of the powder into each of 
two test tubes. Fill one test tube 
with distilled water (rain water) 
and the other with carbonated water 
(soda water). After 10 minutes test 
each with litmus paper. A slow 
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change of red litmus to blue indi- 
cates that potassium carbonate or 
some other basic chemical has been 
produced. 

Changes in Iron Oxides. Mag- 
netite is a black oxide of iron; it is 
common in many igneous rocks. 
Magnetite unites with additional 
oxygen from the air and becomes the 
red oxide of iron called hematite. 
Hematite in turn unites with water 
and becomes the brown oxide of iron 
called limonite. 


magnetite + oxygen + water — limonite 


Oxidation and hydration increase 
the size of magnetite grains so that 
neighbouring grains are wedged 
apart and loosened. The end prod- 
uct, limonite, is soft and_ easily 
washed away by rain, thus leaving 
openings in which more oxygen and 
water can enter. 

Examine weathered granite and 
other igneous rocks for brown stains 
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of limonite. Break open the rocks 
and look for particles of unweath- 
ered magnetite. Use a magnet for 
identifying them. 

Weathering of Basalt. Basalt, like 
that shown in the picture above, 
contains several iron compounds. 
These compounds may unite with 
chemicals in the atmosphere, pro- 
ducing limonite among the end 
products. In moist climates, basalt 
is soon stained brown with limonite. 


Weathered granite showing hydra- 
tion and oxidation of its minerals. 


























METAMORPHIC ROCKS 


Two classes of rocks have already been described in this chapter— 
sedimentary rocks and igneous rocks. A third class is made up of rocks 
that have been formed from rocks of the first two classes. 

Heat and pressure cause changes in both igneous and sedimentary 
rocks. The changes may be physical, chemical, or both. The changes 
may be slight or they may be so great that the original rock cannot be 
recognized. All such changed rocks are called metamorphic rocks. 


Causes of Changes in Rocks. 
High temperatures bring about most 
of the changes that produce meta- 
morphic rocks. High temperatures 
are often accompanied by great pres- 
sures and sometimes by movements 
of rock materials. 

Magma forcing its way through 
cracks produces great changes in 
surrounding rocks. Minerals melt 
or soften, then react with each other 
or with chemicals in the magma. 


Rocks farther from the magma are 
affected by hot water and gases from 
the magma. Commonly the gases 
and liquids deposit new minerals in 
cracks or pores of rocks through 
which they pass. 

Tremendous sideward pressures 
cause rocks to twist and fold. Such 
tremendous pressures and move- 
ments produce high temperatures. 
Thus, both chemical and physical 
changes result. 
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Types of Changes. Great heat 
and pressure bring about the follow- 
ing types of changes in rocks: 

1. Densification. Rocks become 
more dense, either because the 
grains are squeezed closer together, 
or because additional minerals are 
deposited between the grains. 

2. Loss of Chemicals. Water of 
crystallization may be forced from 
crystals. Oxygen and carbon diox- 
ide may be produced by chemical 
reactions and lost to the air. 

3. Recrystallization. Atoms in 
softened rock may have additional 
time in which to organize them- 
selves into larger crystals than be- 
fore. 

4. Formation of New Minerals. 
Minerals may break down chem- 
ically into elements. These elements 
may then recombine with each other 
or with elements from other sources. 

5. Development of — Foliation. 
Rocks may develop a tendency to 
break apart in sheets or flakes be- 
cause of the arrangement of new 


minerals with cleavage like that of . 


mica. 

Crystal Formation. According to 
one theory, increased pressure causes 
atoms to move closer together. The 
atoms then reform themselves into 
new crystals that take up less space 
than the original rock materials. 
Mica is one of the most common 
minerals formed in this way. 

There is more opposition to crys- 
tal growth along a line of pressure 
than at right angles to the line of 
pressure. Therefore, new minerals 
in a metamorphic rock are usually 
arranged in bands as shown above. 
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Bands of new minerals 





Direction 
of pressure 


The bands are at right angles to the 
line of pressure. 

Foliation. | Metamorphic — rocks 
may contain bands of mica or other 
minerals which have good cleavage. 
These rocks tend to split apart 
through the bands. This form of 
breaking is called foliation. 

Foliation may be good or poor 
depending upon the kinds of min- 
erals and their arrangement. Folia- 
tion in fine-grained rocks is usually 
flat, as in slate. Foliation in coarse- 
grained rocks is usually flaky. The 
picture below shows flaky foliation 
that is also wavy and irregular. 


OE Ff 
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Identification of Metamorphic 
Rocks. Some metamorphic rocks 
are best identified by their foliation, 
others by the minerals of which they 
are made, Identification is not al- 
ways easy because one type of rock 
may grade into another, depending 
upon the amount of change that has 
taken place. 

Limestone becomes marble as cal- 
cium carbonate ee ie: into 
larger crystals of calcite. A freshly 
broken piece of white marble looks 
like sugar. Dilute hydrochloric acid 
should be used to test for calcite. 

Sometimes it is difficult to decide 
whether a rock should be called 
limestone or marble. If the rock is 
made up of crystals that can be 
seen without a hand lens, call it 
marble. If not, call it limestone. _ 
Quartz sandstone become quartz- 


/ ite After the spaces betwe e€ 
Coe have been filled with addi- 
tional quartz. This quartz is usually 


deposited by hot water flowing 
through the sandstone. 





Quartzite can be identified by its 
glassy appearance and its hardness 
(it scratches glass). To distinguish 
between quartzite and sandstone, 
examine a freshly broken surface 


with a hand lens. If the rock broke 
apart through the cement but not 
through the sand grains, call it sand- 
stone. If the rock broke apart 
through the grains as well as through 
the_cement, call it quartzite. 
(Gneiss (pronounced nice ) is easily 
recognized by its banding. Folia- 
tion is poor but the rock sometimes 
breaks along a band. 

Changes that produce gneiss are so 
great that the original rock cannot 
always be identified. Gneiss some- 
times looks as though it had been 
formed from granite. But probably 
any rock becomes gneiss when it is 
exposed to great heat and pressure 
enough time. 
formed from shale. The 
amount of change is usually small. 

Slate looks as fine-grained as shale. 
However, slate contains microscopic 
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crystals of mica which lie in flat 
bands. Therefore, the foliation of 
slate is flat and usually very good. 
For this reason, much slate has been 
used for blackboards, flagstones, and 
shingles. 

Slate looks so much like shale that 
the two are often difficult to tell 
apart. Slate is usually shinier, hard- 
er, and more dense than shale. 
Slate gives off a ringing sound when 
tapped lightly; shale gives off a 
duller sound. ' 

The rock called schisp has usually 
undergone such great changes that 
the original rock cannot be identi- 
fied. Shale, slate, and basalt are 





known to have changed to schist. 
Probably any fine-grained rock can 
become schist. 

Slate and schist can be separated 
by the size of the crystals. Crystals 
in slate are microscopic. Crystals in 
schist can be seen without a hand 
lens, 

Crystals in schist are arranged in 
bands that are close together. Folia- 
tion is good but often irregular or 
wavy. Large specimens of schist 
can usually be identified more easily 
than small specimens, 

Gneiss and schist grade into each 
other. Some specimens cannot be 
classed in either group. 


UNCERTAINTIES IN SCIENCE. Science is full of uncertainties. A 
rock cannot always be identified as shale or slate. Measurements are 
not exact. Two different theories may explain a condition equally well. 


Many people think that science is always exact and that it has a posi- 


tive answer for every question. 


True scientists, however, recognize 


that there will always be uncertainties. They know that science can 
only be made a little more exact and a little more certain. 
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Coal. Coal is one of our most val- 
uable resources. Both hard and soft 
coal are important sources of energy 
for industry. Soft coal is also a 
source of many industrial chemicals. 

The coal used today was formed 
long ago from ancient forests. Trees 
died, fell, and were buried deep in 
sediments. Decay could not take 
place because of insufficient oxygen. 
The plant materials underwent 
chemical changes that removed 
other elements and left nearly pure 
carbon behind. 








Formation of Coal. Changes in 
deeply buried wood are not easily 
investigated. However, they seem 
to be similar to those which take 
place when wood is heated in a 
closed test tube. Therefore, the 
process of coal formation will be 
studied by analogies. 

Weigh two dry, clean test tubes. 
Set them up like the apparatus 
shown below. Weigh out a sample 
of wood shavings and heat them in 
the first test tube over a hot flame. 

Wood breaks down chemically 
when it is heated. Some of the prod- 
ucts are volatile (able to vaporize) 
and escape as gases. Water and tar 
condense in the cold test tube. The 
other volatile materials escape from 
the nozzle. Find out if they can 
burn. The gas which escapes is 
chiefly methane, sometimes called 
“marsh gas.” 

Reweigh the test tubes and cal- 
culate the percentage of volatile and 
nonvolatile substances produced 
from the wood. Examine the non- 
volatile substance. What is it 
called? 
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Peat. Peat represents the first 
step in the production of coal. Peat 
is made. up of compressed plant ma- 
terials and is usually brownish or 
blackish in colour. 

Peat is being formed at the pres- 
ent time in many bogs and ponds, 
especially in cool climates where de- 
cay is slow. Methane is given off 
during the process; bubbles of 
methane can be seen escaping from 
bogs and marshes. Thus the name 
“marsh gas.” 

Heat a sample of dry peat in a 
clean test tube. Collect and weigh 
the products. Calculate the per- 
centages of carbon and volatile ma- 
terial produced. How does peat 
compare with wood in terms of these 
products? 

Lignite and Bituminous Coal. 
Pressure of overlying sediments com- 
presses peat into a rock. At the 
same time the plant remains con- 
tinue to lose methane and other vola- 
tile substances. The product is car- 
bon of increasing purity. The steps 
are: 


peat — lignite — bituminous coal — anthracite 


Heat samples of lignite and bitu- 
minous coal in a clean test tube and 
calculate percentage composition. 

Anthracite. Coal as found in 
metamorphic rocks may be almost 
pure carbon. It is called anthracite. 
The heat and pressure that produced 
the metamorphic rocks also drove 
most of the volatile materials from 
the coal. 

Determine the percentage com- 
position of anthracite coal found in 
your home or school. 
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Petroleum and Natural Gas. 
Methane and other gases are pro- 
duced during the chemical break- 
down of any plant or animal ma- 
terial. Petroleum, on the other 
hand, seems to have been formed 
only from marine sediments and not 
from dry land organisms. There are 
many uncertainties about the forma- 
tion of petroleum. 

Probably most of the natural gas 
and petroleum that has been pro- 
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duced in the world has escaped to 
the surface and been lost. How- 
ever, some has been trapped in po- 
rous rocks between layers of non- 
porous rocks. Wells into the porous 
rock make the natural gas and pe- 
troleum available. 

The diagram on this page shows 
one arrangement of rock layers that 
allows rather large quantities of gas 
and petroleum to collect in small 
areas, 
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Experimental Research 


. Visitan exposure of bedrock. Identify the 
type or types of rocks. Develop a brief his- 
tory of the area based on such clues as the 
kind of rock, kind of bedding, kind of fold- 
ing, and kind of foliation. 

. Crush and weigh samples of coal, burn them 
completely, and weigh the ash. Determine 
the percentage of ash in each sample. 

. Identify the rocks used for monuments in 
cemeteries. Make a bar graph that shows 
the frequency with which each kind of rock 
is used for monuments. 

. Crush samples of marble, react them with 
dilute hydrochloric acid, and weigh the ma- 
terial remaining. Calculate the percentage 
of calcium carbonate in each sample. 


. Bake samples of local clay in a pottery kiln.- 


Note the physical and chemical changes in 
each type of clay used. 

. Determine the amount of magnetite in a rock 
by crushing the rock into a fine powder and 
collecting the magnetite with a strong mag- 
net. 

. Compare the amount of porous space in sand- 
stone and other rocks. Weigh specimens 


that have been thoroughly dried. Put the 


specimens in boiling water until no more 
bubbles appear from them; then let them 
cool in the water. Blot the specimens dry 
and reweigh them. Calculate the amount of 
water that entered the porous spaces. 

. Determine the percentage of calcium carbo- 
nate in various types of seashells by reacting 
them with hydrochloric acid. 

. Determine whether the red color of a rock 
is due to red iron oxide (hematite). Crush 
the rock, put half a teaspoonful of the pow- 
der into a test tube, and cover it with con- 
centrated hydrochloric acid (CAUTION: 
Concentrated hydrochloric acid causes se- 
vere burns). If the red coloring is hematite, 
it will react with the acid to produce a 
brownish-yellow liquid. The powder re- 
maining will be colorless after being rinsed 
with water. 


269 


Red Ce | 
- sandstone hydrochloric 








Concentrated “ 


Rea 








Colorless 








Glue and staple corners 


10. 


12. 


Calculate the approximate weight of a large 
rock, using its volume, its specific gravity, 
and the density of water. Decide whether 
the shape of the rock is closest to that of a 
sphere, cylinder, cone, pyramid, or rectangu- 
lar block. Select from a mathematics book 
the formula for determining the volume and 
make the necessary measurements. Chip off 
a sample of the rock and determine its spe- 
cific gravity. 


. Find out which cement holds samples of 


sandstone and conglomerate together. Cal- 
cium carbonate cement breaks down in di- 
lute hydrochloric acid. Iron oxides are red 
or brown and break down in concentrated 
hydrochloric acid (CAUTION: Concen- 
trated hydrochloric acid causes severe 
burns). Silica cement is not affected by 
common chemicals. 

Determine the per cent of carbon and carbon 
compounds in a ‘sample of black shale. 
Crush the shale, treat the powder with dilute 
hydrochloric acid to remove any calcium car- 
bonate that may be present, dry the powder, 
and weigh it. Then heat the powder red hot 
to oxidize the carbon and carbon compounds. 
Weigh the powder again and calculate the 
percentage of weight lost by oxidation. 





Other Investigations and Projects 


Make a rock collection of specimens found 
locally. Label each specimen with its name, 
the date and place collected, and the name 
of the collector. Enlarge your collection 
with specimens from other regions, either 
collected by yourself, purchased, or traded 
with other collectors. 

Make trays for the display of rock specimens 
as shown at the left. Draw lines % inch from 
the edges of a rectangular piece of card- 
board, slit the corners, and turn up the edges 
as shown here. Fasten the corners with glue 
and staples. Paste a label on each of the 
trays. 
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13. 
14. 


Make an exhibit of rocks having economic 
importance and give information as to how 
the rocks are used. 

Report on the rock and mineral resources of 
your local region or your province, obtaining 
information from chamber of commerce bul- 
letins, government publications, journals, and 
encyclopedias. 

Make an exhibit showing how rocks are 
formed and transformed. For example, dis- 
play clay, shale, and slate with arrows lead- 
ing from one to the next and with labels 
which describe the changes. 

Make a map of the region around your 
school. Mark on the map the location of all 
exposures of solid rock. Collect and iden- 
tify the rocks. Write the names of the rocks 
on the map. Prepare an exhibit of speci- 
mens to accompany the map and mount it on 
the bulletin board. 

Prepare a report on the raw materials and 
processes used in the production of portland 
cement. Collect several pictures in which to 
illustrate your report. 


. Make glass as follows: mix 1 teaspoonful of 


clean quartz sand, 1 teaspoonful of sodium 
carbonate, and 1 teaspoonful of lead dioxide 
in a metal can. Set the can in a hot fire (out- 
doors or in a furnace) for one hour. Then 
pour the contents of the can on several thick- 
nesses of paper on the ground, 

Make a list of the different kinds of building 
stones used for public and private buildings 
in your community. 

Visit a local industry that makes use of rocks 
as raw materials in a manufacturing process. 
Prepare an exhibit of specimens and pictures 
which describe the process. 

Prepare a brief history of glassmaking 
through the ages. 

Investigate the process of brickmaking and 
the types of bricks produced. 

Make a model of an oil well or a coal mine. 
Read about Paricutin, the volcano that sud- 
denly erupted from a Mexican cornfield. 
Make a report to the class. 
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Review Questions 


—_— 


How was rock No. 1 formed? 
2. What processes changed loose sediments 
into rock No. 2? 
3. To what class of rocks does specimen No. 3 
belong? 
4, What minerals give sedimentary rocks their 
colours? 
5. What is the source of most clay? 
6. What is the brownish-red mineral in the gran- 
ite shown at the left? 
7. What is a simple test for calcium carbonate? 
8. How does the cooling rate affect rocks 
formed from magma? 
9. How is clay changed into shale? 
10. What happens to limestone when it is ex- 
posed to high temperatures and pressures? 
11. What is methane and how is it produced nat- 
urally? 
12. What is a precipitate and how may it be 
formed? 
13. What are two rocks formed from the remains 
of organisms? 
14. Why is sandstone commonly composed of 
quartz sand? 


EE 


Thought Questions 


1. Why are fossils rarely found in igneous 
rocks? 

2. What was the direction of the pressure that 
produced the specimen of slate shown at the 
left? 

3. Why is cementation more important in the 
formation of sandstone than of shale? 

4, Under what conditions might graphite, 
which is nearly pure carbon, be formed? 

5. What is the significance of limestone beds on 
a high mountain? 

6. What story is told by the rocks in the next to 
the last picture on this page? 

7. What story is told by the rocks in the lowest 
picture? 
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WEATHERING 


A rock begins to change as soon as it is exposed to the weather. The 
changes may be chemical as when magnetite unites with oxygen. The 
changes may be mechanical as when a rock is split apart by frost action. 

Rocks differ greatly in the rate at which they are affected by weather- 
ing. Some contain chemically active minerals. Some are weak. Others 
are strong and chemically inactive. All rocks are affected by the num- 
ber of cracks and pores into which water and air can creep. 


Chemical Weathering. One of 
the most common minerals in rocks 
is feldspar. Feldspar unites slowly 
with carbon dioxide and water, in- 
creasing the sizes of the mineral 
grains. As the grains expand, they 
wedge apart and loosen other grains 
surrounding them. A product of the 
chemical reaction is clay which is 
quickly washed or blown away. 
Surrounding grains are left without 
support and fresh surfaces are ex- 
posed to the weather. 

Magnetite unites with oxygen and 
water, producing soft, brown limo- 
nite. The effect on a rock is much 


the same as that caused by the 
weathering of feldspar. 

Calcite, the chief mineral in lime- 
stone and marble, unites with car- 
bonic acid in water. The product, 
calcium bicarbonate, dissolves in 
water and is carried away during 
every rain. - 

Break open small boulders and 
compare the outer surfaces with the 
freshly exposed rock. Look for col- 
our changes such as the brown stains 
caused by the weathering of iron 
minerals. Look for powder and 
loose grains like those caused by the 
weathering of feldspar. 
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Exfoliation. The photograph at 
the right shows an effect of weather- 
ing called exfoliation. Geologists 
once believed that exfoliation might 
be caused by temperature changes 
from day to day. They now believe 
that exfoliation is caused by chemi- 
cal weathering which expands the 
outer portion of a rock and makes it 
scale off like the layers of an onion. 

Frost Action. Freezing and thaw- 
ing can be very important in the 
weathering process. During warm 
periods, water creeps into cracks or 
pores. During cold periods, the wa- 
ter freezes and expands. Forces 
great enough to split rocks are ex- 
erted by the expanding water. 

The photograph below shows 
blocks of granite pushed apart by 
freezing water. How does frost ac- 
tion help speed up other weathering 
processes? 

Joints. Most rocks are divided by 
cracks which geologists call joints. 
These cracks are usually too small to 
be seen when a rock is first exposed 
but weathering soon widens them 
so that they appear like those in the 
photograph below. 





Joints provide pathways into 
which air and water can creep. 
They also weaken a rock so that it 
breaks apart more easily. 

Bedding. Sedimentary rocks usu- 
ally show layers which geologists 
call bedding. The bedding shown 
in the photograph below is nearly 
level; the joints run up and down. 

Bedding can be especially impor- 
tant in the weathering process when 
some of the layers are much weaker 
than others. The weak layers crum- 
ble, leaving the remainder of the 
rock without support. Large pieces 
then break off because of their own 
weight. 





Erosion of a Cliff. The cliff shown 
above is continually exposed to the 
weather. Discuss the erosion of this 
cliff. 

Explain why the rock at the top of 
the cliff is divided up into blocks. 
What causes these blocks to sepa- 
rate? What part does chemical 





i, a 
ag Sel a ee 
ee 


ba ms nae SPP SR, to ~ 





weathering seem to be playing in the 
destruction of the cliff? 


Describe the processes which 
might move a large block to the edge 
of the cliff. Is there any evidence 
that blocks have already fallen? 
What may happen to a block when 
it lands at the base of the cliff? 











Talus. Pieces of rock that have 
been loosened from a cliff drop down 
and pile up around the bottom of 
the cliff. This pile of loose materi- 
als is called talus. 

Study the pictures of talus on this 
page. Are the pieces of rock 
smoothly rounded or are they sharp 
edged? Explain why this is so. 

Are the pieces of nearly the same 
size or are they of different sizes? 
What effect does the type of joints 


have on the shape and size of the 
pieces of rock in the talus? What 
effect does the bedding have? 

Visit a cliff and look for talus. 
Study the pieces of loose rock and 
explain their shape. Find pieces of 
rock that are about to fall from the 
cliff and describe what may happen 
to these pieces. 

If you cannot visit a cliff, make 
a model that shows how talus is 
formed. 








Angle of Rest. Talus piles up at 
the bottom of a cliff until a fairly 
steep slope has been formed. There- 
after, additional materials do not re- 
main on the slope but roll or slide to 
the bottom. 





The angle of the steepest slope 
upon which loose materials can re- 
main is called the angle of rest. 
This angle depends upon the type of 
materials that are being piled up. 
Some materials can remain on steep- 
er slopes longer than can others. 

Measuring the Angle of Rest. 
Pour dry sand on a flat surface. 
Watch the way the sand piles up. 
Note when the angle of rest has 
been reached. What happens as ad- 
ditional sand is poured on the pile? 
What happens if part of the pile is 
cut away? 

Fasten two sticks together with a 
screw or bolt. Use this device to 
measure the angle of the steepest 
slope of the sand pile. 

Comparing Angles of Rest. Meas- 
ure the angle of rest for a number of 
different materials such as dry gar- 
den soil, dry forest soil, road dust, 
round pebbles, and crushed stone. 
Make a chart which shows the angle 
of rest for each of these materials. 

Test the effect of mixing materials 
of different sizes. 
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Water and the Angle of Rest. 
Crush dry clay or garden soil to a 
fine powder. Pour the powder on a 
flat surface and measure its angle of 
rest. 

Mix the powder with one-eighth 
of its volume of water. Pour out 
the mixture and measure its angle of 
rest. Repeat the measurements us- 
ing different amounts of water eaclt 
time. 

Prepare a graph of the results of 
this experiment, plotting percentage 
of water against angle of rest. 

Test the effect of water on the an- 
gle of rest of other materials such as 
sand and gravel. Compare the re- 
sults with those obtained from clay. 

Lubrication of Clay. The finest 
particles of clay are too small to be 
seen with an ordinary microscope. 
However, it is believed that clay 
particles are thin flakes much like 
the artificial snow sold at Christmas 
time. 

The friction between dry particles 
of clay must be very high. A bank 
of dry clay can be cut so that its 
walls are straight up and down. 

Water lubricates particles of clay 
so that they slip past each other eas- 
ily. The same effect can be noted 





when dry and wet microscope slides 
are rubbed together. 

Explain why water affects the an- 
gle of rest for clay. 

Mudflows and Slumping. Visit a 
road cut or other excavation in clay 
soil after a heavy rain. Look for 
places where the soil has slumped. 
Look for places where the soil flowed 
almost like water. 

Explain the slumping and_ the 
mudflows observed. 
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Landslides. Loose materials are 
able to remain on a slope as long as 
the frictional force is greater than 
the downward pull. Any decrease 
in the frictional force or any increase 
in the weight of the mass may result 
in a landslide. 

Most landslides take place in the 
spring or after very heavy rains. Ex- 
plain how rain can affect the fric- 
tional force in a pile of loose materi- 
als. Explain how rain can affect the 
weight of the pile. 

The photograph at the left shows 
a small landslide. Such small slides 
are more common than most people 
realize. What part do small land- 
slides play in the erosion process? 

The photograph below shows a 
huge landslide’ that flowed down a 
mountainside and dammed a small 
river. What part do large landslides 
play in the erosion of a region? 
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Creep. Loose materials often 
creep slowly down a slope instead of 
rushing. downward suddenly as a 
landslide. This process of slow 
movement, called creep by geolo- 
gists, operates steadily in most re- 
gions and is probably more impor- 
tant than landslides in the total pic- 
ture of erosion. 

Examples of creep can be seen on 
many steep hillsides. Telephone 
poles, fence posts, stone walls, and 
gravestones are often tilted as the 
soil beneath them moves. They 
may need resetting every few years 
to keep them from tipping over. 

Trees also are often affected. All 
the trees on a slope may be tilted 
slightly downhill. Very young trees 
are apt to turn upward as rapidly as 
they are tilted, as shown in the dia- 
grams below. The resulting curve 
may remain in the trunk during the 
lifetime of the trees. 





Make a study of trees, posts, walls, 
and gravestones on steep hillsides. 
Use a carpenter's level or a plumb 
bob to discover the objects affected 


by creep. 
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EROSION BY STREAMS 






Swift streams are among the most important agents of erosion. Their 
action is chiefly mechanical although there are some. chemical effects 
as well. 

Swift water may strike against jointed or bedded rock with enough 
force to loosen large blocks along the cracks and then lift out the blocks. 
The loose pieces become agents of erosion in their turn, sandpapering 
each other and the stream bed as they are swept downstream. 


Transportation of Rock Particles. 
The diagram at the left shows the 
way that a stream transports rocks 
of different sizes. Heavy pieces are 
pushed along by the current. They 
roll and slide over the stream bed, 
rarely rising from it. 

Smaller pieces, which are not so 
heavy, are more apt to bounce along, 
being carried some distance by the 
current before they strike and 
bounce again. The swifter the cur- 
rent, the larger the pieces that are 
carried in this way by a stream. 

Very small pieces may not strike 
the bottom at all if the current is 
swift. These pieces are the cause of 
a muddy colour in many streams. 
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Abrasion. The wearing away of 
rocks as they are rubbed against 
each other is called abrasion. Abra- 
sion takes place in streams as rock 
particles are swept along by the cur- 
rent. Abrasion also takes place 
when wind blows sand against rocks. 

The diagram on the opposite page 
shows how abrasion takes place in 
streams. Rocks rub small particles 
from themselves and the bed rock as 
they roll and slide along. Bouncing 
rocks knock off chips each time they 
strike. 

Producing Abrasion. Break up a 
soft rock with a hammer. (CAU- 
TION: Wear goggles to protect your 
eyes.) Choose 25 pieces of rock 
having about the same size and 
shape. Set aside three pieces for lat- 
er comparisons. 

Put the remaining pieces in a jar 
half full of water. Shake the jar 100 
times. Remove three pieces and la- 
bel them. Shake the jar another 100 
times and remove another sample. 
Continue until all pieces have been 
removed. 
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Compare the shape of the speci- 
mens removed from the bottle at 
different times. How has abrasion 
changed them? Make a record of 
the changes by tracing around each 
specimen. Test other rocks in the 
same way. Prepare an exhibit of 
the results. 








Gorges and Canyons. Abrasion 
gradually wears down the bed of a 
swift stream. Each rock tumbled 
along by the current removes a bit 
of the bedrock. Within a few thou- 
sand years a deep gorge may be 
formed. Within a few tens of thou- 
sands of years, a deep canyon may 
be formed. 

Visit a gorge or canyon. Look for 
signs of erosion. Make diagrams to 
show what the region may have 
looked like at different times in the 
past. Make a diagram of what the 
region may look like a few thousand 
years from now. 

Potholes. The beds of many 
streams contain round pits called 
potholes. Study the diagram here 
and explain how a pothole is formed. 





Why are potholes found only in 
the beds of swift streams? Why are 
the walls of a pothole smooth? Why 
are the stones in a pothole usually 
round and smooth? What may hap- 
pen to the stones in a pothole after 
a few years? 
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Waterfalls. Some kinds of rock 
are more resistant to abrasion than 
others. Wherever a resistant rock 
lies over a weak rock in a stream 
bed, waterfalls are apt to form. 

The right diagram explains the 
formation of Niagara Falls. The 
limestone in the top layer is much 
more resistant to erosion than are 
the weak shales underneath. What 
different processes of erosion take 
place below the falls? 

Every few years a block of lime- 
stone breaks from the edge of the 
falls. Why does this happen? What 
happens to the pieces of rock that 
break off? 

A diagram of the area around Ni- 
agara Falls is shown at the right. 
Geologists believe that the falls were 
at the point marked A about 10,000 
years ago. If this is true, why are 
the falls in their present position to- 
day? Where may the falls be 10,000 
years from now? 

Make a study of a waterfall near 
your school. Explain the formation 
of the falls and describe the prob- 
able history of the falls. 
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Slope and Stream Velocity. Set 
up the apparatus shown above, 
working outdoors if possible. Keep 
the water level nearly constant in 
pail A so that the siphon delivers a 
steady flow of water. 

Measure the speed of the water in 
the trough by dropping a bit of cork 
in the water and timing its move- 
ment from one point to another. 
(A stop watch is useful for this.) 
Make several measurements and cal- 
culate the average speed. 

Measure the angle of the slope 
with a protractor and a carpenter's 
level. 

Change the slope of the trough 
and measure both the slope and the 
speed of the water. Try other 
slopes. Make a graph of the results. 

Volume of Water and Velocity. 
Experiment with the effect of chang- 
ing the quantity of water. Do not 
change the slope of the trough. 


Wire support @ :. 


2 ft, at 
Eaves trough Aft 3 ft. —— SS 








1 ft. 










Increase the volume of water by 
using two or more siphons. Meas- 
ure the velocity as before. Measure 
the water collected in pail B to de- 
termine the amount of water flowing 
per second. Graph the results. 


Slope 
(Degrees) 





2 3 4 5 
Velocity (Feet per second) 
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SMALL-SCALE EXPERIMENTS. Conditions in small-scale experi- 
ments are commonly much different from conditions in full-scale experi- 


ments. 


For example, the force with which water clings to objects 


greatly affects a trickle of water but has little effect on the flow of a 


river. 


Conclusions drawn from small-scale models and experiments 


may not be completely correct for actual situations. 


Stream Velocity and _ Erosion. 
Start a stream flowing in a trough 
and measure its velocity. Drop peb- 
bles of different sizes in the stream. 
Pick out the largest pebble that the 
water can push along. Measure its 
diameter. 

Increase the flow of water by us- 
ing two siphons. Measure the ve- 
locity of the water and the diameter 
of the largest pebble that this stream 
can push along. 

Repeat the measurements several 
times, using a greater flow of water 
each time. Make a graph of the re- 
sults, plotting the diameter of the 
pebbles against the stream velocity. 









2 Pebbles 
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Repeat the experiment but change 
the slope of the trough instead of the 
volume of water. Measure the di- 
ameter of the largest pebble pushed 
along each time. 

Plot the results of this part of the 
experiment on the graph just made. 
Compare the two curves. Try to ex- 
plain the differences. (Hint: What 
would be the effect of putting a mar- 
ble in the trough? ) 

Visit a swift stream and study the 
slope of different parts of its bed. 
Does there seem to be any relation- 
ship between the slope and the size 
of the rocks that have been trans- 
ported? 


Diameter 
of 
Pebbles 
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Stream Velocity 


Mountain Streams and Valley 
Streams. Most mountain streams 
lose altitude rapidly, dropping over 
falls and tumbling down steep slopes. 
The swift water has much energy 
and can do a great deal of work, car- 
rying rocks and eroding the stream 
bed. 

On the other hand, streams in 
broad valleys lose altitude slowly. 





The water flows slowly, has little en- 
ergy, and can do little work. 

Examine the pictures on this page 
and discuss the streams shown. 
Compare the speed of the water, the 
energy of the water, the rate of ero- 
sion, and the size of the particles that 
can be carried. 

Visit several streams. Compare 
them with each other and the 
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streams shown in the pictures. Look 
for signs of erosion and discuss the 
possible history of the streams. 
Seasonal Changes in Streams. On 
this page are shown two pictures of 
the same stream taken at different 
times of the year. When do you 
suppose each picture was taken? 
Give reasons for your statements. 
Compare the velocity and energy 
of the water in the pictures. At 








what season can the stream do the 
most work? When is the stream 
able to erode its bed most rapidly? 

What evidence is there that the 
stream in the pictures sometimes car- 
ries very large pieces of rock? 

Make a study of a nearby stream 
throughout the year. Measure the 
speed of the water at different sea- 
sons. Look for changes in the rate 
of erosion. 


Pebbles 





Effect of Decreased Velocity. Set 
a short length of trough in a longer 
length as shown above. What hap- 
pens to the velocity of water flowing 
from one trough to the other? 

Put pebbles of various sizes in the 
first trough. Watch them as they are 
washed downward. Explain why 
some particles stop moving sooner 
than others and why some do not 
stop moving at all. 

Where might you see the same ef- 
fect in natural streams? 

Sediments. Rock particles that 
are dropped from water (or from 


Suspension 


Sediments . 





wind or ice) are called sediments. 
Sediments may range in size from 
microscopic particles to boulders 
weighing several tons. Gravel and 
boulders are carried only by swift 
streams but mud can be carried by 
the slowest of streams. 

Put a handful of soil in a jar of 
water and shake the jar several 
times. Then watch the mixture. 
Note the size of the particles that 
settle out immediately. Look at the 
jar a few hours later. Have more 
particles settled out? If so, what are 
their sizes? Has the water become 
perfectly clear? 

Suspensions. Microscopic sedi- 
ments may not settle from water for 
months or even years. These tiny 
particles are said to be in suspension. 
A mixture of water and tiny particles 
is called a suspension. 

Physicists explain a suspension by 
reminding us that water molecules 
are believed to be in constant mo- 
tion. Very tiny particles of clay or 
other sediments are bumped first one 
way and then another by the water 
molecules. The particles are unable 
to fall directly to the bottom and, if 
small enough, may never reach it. 
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Deposits in Quiet Water. Fill a 
length of eaves trough nearly full 
with a mixture of sand and gravel. 
Prop up the trough so that one end 
rests on an aquarium of water as 
shown above. Fill the aquarium 
with water and start a gentle stream 
flowing down the trough. Let the 
water flow over the edge of the 
aquarium if the experiment is done 
outdoors. Otherwise, use a siphon 
to remove water from the aquarium 
as rapidly as it flows in. 

Watch the behaviour of the sedi- 
ments carried into the aquarium. 
Where are the large particles depos- 
ited? Where are the small particles 
deposited? 

Keep the stream flowing until the 
deposit reaches the top of the aquar- 


Small stream ff 
jo 


Mixture of sand and gravel 
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ium. Add more sand and gravel to 
the trough as needed. Study the way 
the deposit builds out into the water. 


Beds of Sediments. Change the 
rate of flow of water in the trough. 
Note that there are changes in the 
sizes of sediments deposited in one 
place. A layer of coarse particles 
may be dropped on a layer of fine 
particles. Such layers are called 
beds. 

Divide an aquarium with a sheet 
of metal or a pane of glass to pro- 
duce a narrow space along one side, 
as shown in the photograph below. 
Let sediments from the trough fall 
in this space. Change the speed of 
the stream, first fast and then slowly. 
Note the way the beds build up. 
Are all the sediment beds level? 





291 


Deltas. The velocity of a stream 
slows almost to a stop as soon as the 
stream enters a pond, lake, or ocean. 
Sediments carried by the water drop 
around the mouth of the stream and 
form a delta. 

Heavy particles fall immediately. 
Smaller particles are carried farther 
out into the body of water. Fine 
particles in suspension are carried 
much farther before they are depos- 
ited. 

The nature of the sediments 
changes with the seasons. A stream 
carries heavier sediments during 
flood seasons than during dry sea- 





sons. All sediments are carried far- 
ther from the shoreline during a pe- 
riod of flood. Thus a delta is usu- 
ally made up of beds of fine and 
coarse materials. 

Study the diagram of a delta. 
Note the bedding. Why are some 
beds slanting and why are others 
nearly level? 

Deltas can be found wherever 
streams enter a quiet body of water. 
Look for deltas in ponds and lakes. 
Look for small deltas where mud has 
washed from a road cut into a ditch 
of water. Cut open one of these 


small deltas and look for bedding. 





Alluvial Fans. A stream which 
enters a broad valley from a gully 
on a mountainside slows suddenly. 
The water can no longer carry the 
load of rock materials which _ it 
picked up on the steep slope. 

The rock materials are dropped 
around the mouth of the gully. 
Gradually the deposit builds up in 
the form of a cone. The deposit is 
called an alluvial fan. 


Alluvial fans are common along 
the base of a hill or mountain. Look 
for them wherever a steep gully ends 
in a level valley or plain. 

Small alluvial fans are also com- 
mon at the base of a pile of dirt or 
road cut after a heavy rain. Take a 


field trip to study these deposits. 
Produce an alluvial fan by sending 
a gentle stream of water down the 
side of a pile of loose soil. 
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Streams on Gentle Slopes. Swift 
mountain streams cut their beds 
downward without making many 
curves. However, streams on gentle 
slopes are more likely to erode the 
sides of their banks and thus produce 
many curves. 












Make a study of a stream at a 


curve. Stretch a cord from one bank 
to the other. Measure the depth of 
the water and the height of the bank 
at one-foot intervals. Make a cross- 
section diagram of the stream to 
scale. 

Measure the speed of the stream 
at different places across it. Drop in 
bits of wood and find out how far 
each goes in one second. Write the 
velocities on the cross-section dia- 
gram. 

Which bank is being eroded? 
How do you know? Why is it being 
eroded? Why is the other bank be- 
ing built up? 

Drive a series of small stakes or 
large nails at a distance of three feet 
from the banks of the stream. Re- 
turn after heavy storms and floods 
and measure the erosion that has 
taken place at the curve. 

Valley Widening. Study the dia- 
grams of the changes in a valley 
shown at the left. Discuss each of 
the stages and describe how the 
changes were brought about. 
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Meanders. A stream flowing along 
a nearly level valley develops wide 
sweeping curves called meanders. 
Sometimes these curves continue to 
develop until nearly complete cir- 
cles are produced. It is possible to 
walk a few feet between two points 
on a stream that are separated by 
thousands of feet of travel by boat. 

Unless something happens to stop 
it, a meander continues to develop 
until the circle is complete and the 
narrow neck is broken through. The 





stream now takes the shorter path. 
The long meander is left without a 
current. 

Oxbow Lakes. After a meander 
has been cut off, sediments from the 
main stream fill in the ends. A 
curved lake remains, shaped like the 
bow of a yoke once used with oxen. 
Therefore, these lakes are commonly 
called oxbow lakes. 

Study the diagram below. Tell 
what is happening or has happened 
at each of the lettered places. 
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WIND AND WAVES 





Wind is an agent of erosion in regions where there is sand that can 
be blown about. Wind also causes erosion along coast lines by dash- 
ing waves against the shore. However, in most regions of the world, 
wind has little direct effect on the surface of the land. 


Abrasion by Wind. Strong winds 
pick up grains of sand and dash them 
against larger rocks. Gradually the 
rocks are chipped away. 

Wind-eroded rocks are usually 
rounded and smooth. Soft parts 
erode away first, leaving the harder 
portions carved in strange shapes. 
Study the picture above and explain 
how the shapes of the rocks have 
been produced. 

Small rocks lying on the ground 
are also eroded. The top portion is 
commonly cut away at a slant. If 
the rock tips over, a different side is 
cut away. Note the shapes of the 
rocks in the picture at the right. 
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Wave Erosion. During storms, 
waves often strike rocky shores with 
enough force to shake the ground. 
The steady pounding gradually loos- 
ens the bedrock along bedding and 
joint cracks. Blocks of the rock are 
then removed by the waves. 

Loose rocks soon become agents 
of abrasion. They are dashed 
against other rocks by incoming 
waves and dragged along the bot- 
tom as the water moves seaward 
again. 
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Sea Cliffs and Terraces. 
rect effects of wave action are limit- 
ed to the region between high and 


low water levels. After waves have 
removed the lower portions of a 
coast line, the rocks soon tumble 
down. Thus, a sea cliff is formed. 
Waves cannot erode a coast line 
much below the low water level. 
They leave a broad, nearly level ter- 
race a few feet beneath the surface. 
Loose materials are carried to the 
edge of this terrace and deposited. 









Wave cut cliff 


Wave cut terrace 


Wave built terrace 


Sand Dunes. Sand being carried 
by the wind is dropped wherever the 
wind is slowed. Often a bush or a 
stone acts as a windbreak behind 
which the sand is deposited. Such a 
deposit is called a dune. 

Dunes have many shapes, depend- 
ing upon such local conditions as 
wind direction, land surface, and 
type of sand. A common form of 
dune is a long ridge across the direc- 
tion of the wind. Note the dunes in 
the above picture. From which di- 
rection does the wind seem to blow 
most of the time? 












When a dune is small, the wind 
flows evenly across it, blowing sand 
up one side and down the other. A 
small dune has about the same slope 
on both sides. 

After a dune becomes a few feet 
high, the wind produces a low pres- 
sure area on the rear side as shown 


below. Sand blows up the front 


side and is dropped after it reaches 
the top. The dune develops a long, 
gentle slope on the front side and a 
steep slope on the rear side. The 
rear slope has the same angle as the 
angle of rest of dry sand. 


| 
| 
| 
| 
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Beach Deposits. Waves moving 
across gradually sloping beaches 
pick up sand and carry it shoreward. 
The waves slow down because of 
friction against the bottom and drop 
their load of sand. Commonly, the 
sand is deposited as a long ridge 
some distance from the shore. Such 
a deposit is called an off-shore bar. 

Ocean currents along the shore 
may also sweep sand parallel to the 
coast, dropping the sand at the 
mouths of quiet bays. These depos- 
its are called bay bars. 






Area shown 


299 


Zone of erosion 





Both types of bars usually build 
up until they are uncovered by low 
tide. Wind then builds the sand 
into dunes. More sand is brought to 
the bar during each high tide and 
added to the dunes during each low 
tide. In time, the dunes may be- 
come fifty feet or more above sea 
level. 

Lagoons. The shallow water be- 
hind an off-shore bar is called a la- 
goon. Lagoons often fill in with 


plants and sometimes become salt- 
marshes. 


Jang Ang 


along former headlands 


Ang upjupy 



















Experimental Research 


. Make a study of a pond or small lake. Look 
for evidence that it is filling up with plant 
remains and sediments. Look for evidence 
that the outlet is wearing down. Make a 
map showing the present shore line, prob- 
able past shore lines, and possible future 
shore lines. 

. Study velocity in wide and narrow parts of 
the same stream. Measure off a distance of 
20 feet or more along the bank of each part 
selected. Time the movement of a stick mov- 
ing through this distance. Make a graph 
that shows the relation of width to velocity. 
. Visit a shore at high and low tides. If the 
shore is rocky, make diagrams of sea cliffs, 
wave-cut terraces, and wave deposits. If the 
shore is sandy, make a study of the shape of 
sand bars. 

. Fill a trough with sifted sand, prop the 
trough at an angle, and send a small stream 
of water down the slope. Collect and weigh 
the sand removed in 10 minutes. Find the 
effect of changing the slope on the amount 
of sand removed. 

. Find out how the shape of a stream bed af- 
fects velocity. Make two troughs of different 
widths: Place each trough at the same slant 
and siphon water into each at a constant 
rate. Measure the water velocity by timing 
the movement of a piece of cork. 
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Leaning Downhill 


Leaning Up Hill 


. Investigate the creep of soil on steep hill- 


sides. Measure the slant of all the trees in an 
area using a protractor and plumb line. 
Use the measurements to make a graph called 
a histogram as shown above. Make a study 
of trees growing on level ground for com- 
parison. 


. Using the method described in Number 6, 


make a study of the effects of soil creep on 
cemetery monuments. 


. Investigate the erosion of a stream bank. 


Drive a series of stakes at the same distance 
from the edge of the bank, hammering each 
level with the ground. Return regularly and 
remeasure the distances. Make a map that 
shows the amount of erosion between each 
visit. 


. Make a study of a sand dune. Watch sand 


being blown up one slope and dropping 
down the other. Measure the angles of the 
two slopes. Compare the angle of the rear 
slope with the angle of rest of the same kind 
of sand. 

Collect soil from hillsides, road cuts, and the 
like. Measure the angle of rest for each type 
when dry, wet, loose, and packed together. 
Compare the angles obtained with the angles 
of the slopes where the soils were collected. 
Put paint on a series of stones on a talus 
slope. Measure the distance of each painted 
rock from the base of the cliff above. Return 
regularly and measure the distances again to 
determine the rate of movement, if any. 
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Other Investigations and Projects 


. Take photographs showing a stream during 


periods of low water, high water, and floods 
to show different erosional effects. 


_ Make a collection of rocks which show dif- 


ferent kinds of structures and erosional ef- 
fects; such as bedding, joints, chemical weath- 
ering, water rounding, and wind erosion. 


. Plan a field trip to show your parents some 


of the important geological features of your 
region. 


. Prepare a chart which shows the changes 


that take place in a valley throughout thou- 
sands of years. Illustrate the chart with pic- 
tures of valleys in different stages of erosion. 


. Prepare a booklet describing the geological 


features in provincial and national parks near 
your home. Obtain help from park bulletins, 
park naturalists, and geologists. 


. Obtain a map of the seacoast near your home. 


Label the geological features shown on the 
map, using a geology book for help in select- 
ing the proper terms. 


: Prepare a report on the ways man has affect- 


ed the landscape by speeding up erosion. 
Make plaster models of geological features. 
Pour plaster of Paris in molds such as cigar 
boxes, After an hour or so, remove the 
molds and carve the plaster as desired. Paint 
the plaster with water or oil paints and add 
suitable labels. 


_ If you live in an area that was covered by the 


great ice sheet (see map on next page) or in 
the western mountains where once there 
were glaciers, read about erosion by glaciers 
and look for evidences of glacial action. 
Take pictures and make a report to your class. 
Demonstrate to the class the effect of the ex- 
pansion of freezing water and explain the ef- 
fect of the expansion on the erosion of rocks. 


. Take photographs that show jointing and 


bedding of rocks. 


. Collect and exhibit pictures of the effects of 


atmospheric erosion in regions of dry cli- 
mate, such as those found in some of the na- 
tional parks. 
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Review Questions 


. How has a stream been able to cut the deep 


gorge shown here? 


. Which of the cracks shown are joints and 


which indicate bedding? 

What types of erosion are probably taking 
place on the sides of the cliffs that line the 
gorge? 

Why is there no talus at the base of the cliffs 
in this gorge? 


. What conditions produce a waterfall? 


How does a meander form? 

Why do sand bars often develop across the 
mouths of bays? 

Why are the sediments in a delta usually in 
layers? 


. Why do clay banks often slump after heavy 


rains? 

What is a pothole and how is it formed? 
Why are sand dunes often steeper on one 
side than the other? 

How are waves able to erode a rocky shore 
line? 

Why do mountain streams usually erode 
their beds faster than streams in gently slop- 
ing valleys? 

Which of the stones shown here was col- 
lected from the base of a cliff, which from a , 
pothole, which from a beach, and which from 
a wind-swept desert? 
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Thought Questions 


1. Which stream shown here has been erod- 
ing its valley for a longer period of time and 
how has the stream made such great changes 
in its valley? 

2. Why is wind erosion more effective in re- 
gions of little rainfall than in regions of much 
rainfall? 

3. What two types of changes bring about the 
disappearance of ponds and lakes? 

4, What is the probable explanation of the odd 
formation shown in the picture at the left? 

5. Why does chemical weathering take place 
more rapidly in warm regions than in cold 
regions? 

6. Why is the Red River Delta made up chiefly 
of mud and very fine sand with few, if any, 
stones? 

7. How can the movement of sand dunes be 
stopped? 

8. How can erosion by waves be reduced or 
stopped? 

9. Pictures of trees growing from cracks in rocks 
are often used as evidence that rocks are 
broken apart by roots. W hat other explana- 
tion could be given of such a picture? 

10. Why do artists paint moon landscapes with 
steep jagged mountains? 
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The Nature of Soils 


The top few inches of soil provide the people of the world with most 
of their food supply. In spite of this fact, many people never look at soil 
carefully. 

A quick glance at a handful of soil shows that it is a mixture of many 
things. Included are minerals, water, air, and biological substances such 
__as roots, small animals, decaying matter, and micro-organisms. Because 
_ of this variety of substances, biologists, chemists, geologists, and physi- 

cists have all added to our understanding of soils. Also, this variety of 
_ substances provides many things in the soil to interest the students who 
Osidyil = ue ue - 
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Clay 


DESCRIBING SOILS 


The people who work with soils describe them in different ways. 
For example, a farmer might say that a soil is too sour to be a good pas- 
ture; a construction engineer might describe the same soil as being 
poorly drained. A chemist would describe the soil as being acidic. 
Thus, each person describes a soil in terms of his own training and in 
terms of the problems the soil presents to him. 


Soil Texture. Break up some dry 
soil in your hand. Does the soil feel 
(1) sandy, (2) harsh, like clay, or 
(3) floury? Test soils in other loca- 
tions. 

Break apart all the lumps in small 
samples of sandy, harsh, and floury 
soils. Use a hand lens to study the 
mineral particles. Which soil has 


Clay particles magnified 29,000 
times with an electron microscope. 


ig f 





the largest particles? Which has the 
smallest particles? 

Soils can be classified into three 
soil texture groups according to the 
size of the particles. Particles of 
sandy soil can be seen with the un- 
aided eye. Sandy soils feel gritty or 
sandy. 

Clay soil is composed of particles 
so small that they can be seen only 
with an electron microscope. Clay 
soil is harsh when dry and it is sticky 
when wet. 

Particles of silt soils are larger 
than clay particles but smaller than 
sand particles. Silt soils feel similar 
to flour or talcum powder. 

Add water to a soil sample until 
it sticks together. Roll a small ball 
of this soil between your thumb and 
forefinger. Compare this roll of soil 
with those shown above and classify 
the soil texture as sand, silt, or clay. 
Test other soils in this way. 
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2 Thirty minutes later 





Percentage Composition of Soils. 
Fill a quart jar to the one-quarter 
mark with soil. Add water until the 
jar is three-quarters filled. Stir the 
soil and water until all the pieces of 
soil are broken up. Pour everything 
which does not settle out immedi- 
ately into a large beaker as shown in 
picture 1. Do not transfer any of 
the sandy material from the bottom 
of the jar. Add a little water to the 
jar again and stir up the soil par- 
ticles. Again pour the water from 
the jar into the beaker. Dry and 
measure the volume of sand in the 
jar. Record the volume to the near- 
est one-quarter teaspoon. 

Allow the soil particles in the 
beaker to settle for 30 minutes. Pour 
the water mixture into a wide pan 
as shown in picture 2. Dry and 
measure the volume of silt which 
settled out in the beaker. Record 
the volume to the nearest one-quar- 
ter teaspoon. Evaporate the remain- 
ing water which contains the clay 
particles as shown in picture 3. Dry, 
measure, and record the volume of 


clay. 
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Add together the volumes of sand, 
silt, and clay in the soil sample. 
What per cent of the total volume is 
composed of sand? Silt? Clay? 

Classifying Soil. Note point A on 
the diagram. This point corresponds 
to a soil which is 40% sand, 20% 
clay, and 40% silt. Notice from the 
diagram that a soil of these propor- 
tions is called a loam. 

Use the diagram to classify your 
soil sample. Test and classify other 
soil samples. 





Per Cent Clay 





see: 


"Fractured ae 





Soil Profiles. A view of the soil 
such as shown above is called a soil 
profile. Soil profiles can be seen at 
new road cuts, house excavations, or 
where a stream has recently eroded 
a steep bank. A soil profile can also 
be exposed by digging a pit in a va- 
cant field. 

Visit a soil profile near your school 
or home. Sketch the profile show- 
ing the thickness of each layer of 
soil. Note the soil texture of each 
layer. Are the soil layers caused in 
part by differences in the texture of 
the soils? 


Show on the sketch any plants 
which are growing in the soil. In- 
clude the location of roots and de- 
caying plant matter. ) 

Note the location or evidence of 
animals, such as worm holes. At 
what depths do these occur? 

Record the types of rocks seen in 
the profile and their positions. In- 
clude the bedrock, if it is visible. 

Make records of other profiles. 
Mark on a local map the locations of 
each profile studied. Compare the 
profile records. Which regions have 
similar profiles? 
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Parts of Soil Profiles. Three dif- 
ferent parts in a soil profile are often 
observed. The upper region is 
called the topsoil, or the A horizon. 
The topsoil includes the soil region 
from which minerals are being 
washed downward by rainwater. 
The upper part of the topsoil con- 
tains large amounts of decayed plant 
and leaf material in areas where 
plants grow abundantly, such as in 
forests. In such cases, the topsoil is 
usually darker than the region be- 
low. 

The region below the topsoil is 
called the subsoil, or the B horizon. 
Clay and minerals may wash down 
from the topsoil and collect here. 

The substratum, or C horizon, is 
the region just above the bedrock. 


This region is usually composed of 
weathered bedrock material. In 
some of the southern parts of Cana- 
da, the substratum is often composed 
of slightly weathered rock material 
which was transported southward 
by the glaciers some time during the 
ice age. 

As the topsoil erodes away, the 
subsoil gradually changes into top- 
soil, and the substratum changes 
into subsoil. 

Locate the topsoil, subsoil, and 
substratum in each profile you 
studied. 

Collect substratum, subsoil, and 
topsoil samples from the same pro- 
file. Set up an experiment to com- 
pare the growth of plants in the soil 
from these three horizons. 


Poorly Drained Areas 
— Peaty Meadow 


Forest Areas of 
Western Canada 


Grasslands of the 
Prairies 


IEE, 


Forest Areas of 
Eastern Canada 
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Water in Soil. Obtain the weight 
of a soil sample by subtracting the 
weight of an empty metal can from 
the weight of the same can con- 


taining the soil sample. Record 
these weights in a table similar to 
the one shown here. 

Heat the can and soil in an oven 
at a temperature of 225-250°F until 
all the soil is dry. Calculate the 
weight of dry soil in the can. 





WATER IN SOIL 


























c Mr. Harris’ 
Soil Type E Garden 

A. Weight of Soil 

and Can | ge 
B. Weight of Can 88 gm 
C. Weight of Soil | __ 

(A—B) 297 gm ie 
D. Weight of Dry 

Soil and Can 325 as a 
E. Weight of Dry 

Soil (D—B) AEN Hg 
F. Weight of Water 

(C—E) 60 gm 

F 

G. % Water (- x 100) 20% 











Calculate the weight of water 
which was in the soil by subtracting 
the weight of dried soil from the 
original weight of the soil. Calcu- 
late and record the per cent of wa- 
ter in the soil. 

Organic Matter in Soil. Heat the 
dried soil from the last activity over 
a high temperature gas flame to burn 
out the organic material. Weigh the 
soil after heating and determine how 
much weight was lost. Record this 
data in a table. Calculate the per 
cent of organic matter in the original 
soil. 

Compare the per cent of organic 
material in different dried soils, such 
as woodland soil and garden soil. 

Decayed organic matter forms a 
useful substance in soil which is 
called humus. The dark colour of 
topsoil is usually caused by humus. 
Humus and other organic matter is 
changed by heat into gases such as 
carbon dioxide (CO2) and water 
vapour (H2O). 
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Soil Air. Use tin snips to remove 
the ridge from around the top of a 
metal can. Place the can on the 
ground, sharp edge downward. 
Turn the can, forcing it downward 
into the ground. Lift out the can 
filled with soil. 

Fill a second can of the same size 
with water. Slowly pour the water 
into the soil in the can until the soil 
is unable to hold any more water. 
Calculate the volume of water added 
to the soil. Calculate the per cent 
of air in the original soil by assum- 
ing that the water fills up the air 
spaces in the soil. 


Compare the amount of soil air 
in soils of different textures. 

Assumptions in Measuring Soil 
Air. In the last activity it was as- 
sumed that when water was added 
to the soil, the water would only fill 
the air spaces between the soil par- 
ticles. Soil scientists have discov- 
ered that this assumption is correct 
for sand and silt, but not for clay. 
Water reacts with clay particles pro- 
ducing new substances which swell, 
increasing the volume of the mate- 
rial. Thus, the calculated volumes 
of soil air are accurate for sand and 
silt, but not for clay soils. 


ASSUMPTIONS 


Conclusions in science experiments are often based on assumptions. 
Sometimes the assumptions are later found to be incorrect and the con- 


clusions have to be changed. Much of your own thinking is based on 
assumptions. Look for assumptions in your thinking and try to find out 
if any of these assumptions are incorrect. Incorrect assumptions may 
lead to wrong conclusions. 
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PHYSICAL CHANGES IN SOILS 


Soil material is constantly changing. It responds to forces which tend 
to pack and loosen the soil and to other forces which attract soil water 


in different directions. 


Soil differences also result from changes in 


temperature. The way a soil changes because of these physical factors 
determines how useful the soil will be to the farmer or other soil user. 
To the trained observer, the changes which a soil undergoes in a few 
seasons are as noticeable as are the changes in living things, as they 
develop and increase in vigour or as they grow old and show signs of 


decay. 


Measuring Soil Compaction. Peo- 
ple often take short cuts across a 
lawn or field. In a short time, the 
grass dies where these people walk. 
Study how tightly the soil is packed 
along a line across such a path. 

Mark equal spaces on a pencil as 
shown above. Push the pencil point 
into a field about two feet from a dirt 
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Compaction Meter Depth (In.) 
pp 


neue 4 6 
Distance 
Soil Compaction Across a Path (Ft.) 


fo) 
So 


path. Record the depth to which 
the pencil is pushed when it feels 
uncomfortable against the palm of 
your hand. 

Move six inches closer to the path 
and again test how packed the soil 
is. Repeat this process at six-inch 
intervals until the soil on the other 
side of the path is reached. Plot 
your observations on a graph like the 
one here. 

Soil compaction is the term used 
to describe the amount that a soil is 
packed. How did walking on the 
soil affect soil compaction? How 
did walking on the soil affect plant 
growth? 

Use a calibrated pencil to study 
the compaction of soils where differ- 
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ent species of plants grow. What 
species of plants grow best in soils 
which are only slightly compacted? 
Which plants can survive in highly 
compacted soil? 

Effects of Soil Compaction. No- 
tice the section of poor plant growth 
in the picture above. Heavy farm 
equipment was driven across part of 
this field in previous years, compact- 
ing the soil. The picture below on 
the right shows a plant growing in 
soil which was compacted before 
plowing. To what depth did the 
plow loosen the compacted soil? 
What effect did the soil which was 
still compacted have on the plant’s 
growth? 

Farmers have improved crop pro- 
duction by plowing compacted soils 


to greater depths. How would such 
plowing improve plant growth? 

Plants appear to suffer from too 
little soil compaction just as they do 
from too much. For this reason, 
people pack soil around seeds and 
young plants when starting a gar- 
den. New lawns are rolled after the 
seeds are planted, and sometimes 
grain grows to surprising heights in 
soil where tractors have compacted 
the soil. 

The exact amount of soil compac- 
tion for best plant growth is not 
known. The best amount of soil 
compaction probably depends on 
other factors such as the type of 
plant, amount of moisture, depth of 
seeds, and the weeds which grow 


nearby. 








Depth and Soil Temperature. Use 
a thin metal rod and a hammer to 
make holes in the ground 6, 12, and 
18 inches deep. Measure the tem- 
perature at the top of the soil and 
at these depths. Plot the tempera- 
ture and depth data on a graph. 

Repeat the measurements at dif- 
ferent times of day and under differ- 
ent weather conditions (such as 





sunny and cloudy days). Plot this 
information on the same graph as 
before. Does soil conduct heat 
well? Explain your answer. 

Animal Life and Soil Temperature. 
The picture below shows the under- 
ground corridors and chambers of 
an ant colony. What changes in 
temperature would you expect to 
find at different depths in an ant col- 
ony on a warm day? 

People who study ants have no- 
ticed that young adult ants move ant 
larvae to greater depths on warm 
days. What protection would this 
give the larvae? 

The 17-year locust (cicada) 
spends most of its life in the soil. 
When the eggs hatch, the young 
cicada burrows into the ground. 
For over 15 years, it migrates up- 
ward in the soil in the summer and 
downward in the winter. These 
migrations are believed to be re- 
sponses to the temperature changes 
in the soil. Nearly 17 years after 


¥ 


314 


the eggs hatch, the cicada emerges 
from the soil and changes into an 
adult: 

Soil Temperature in Sun and 
Shade. Compare the soil tempera- 
ture in the sun and shade near the 
school. Compare the condition of 
the part of the lawn which is shaded 
much of the day with the lawn 
which is never shaded. How might 
soil temperature be a factor in ex- 
plaining the observed differences? 

The Effect of Moisture. Soak a 
small region of lawn with water. 
Compare the temperatures through- 
out the day of the water-soaked soil 
with a similar part of the lawn which 
was not soaked. Plot your findings 
on a graph similar to the one ae 

Water has the ability to absorb 
large amounts of heat while increas- 
ing very little in temperature. Also, 
as water evaporates, the surrounding 
area is cooled. Both of these factors 
tend to keep moist soil cooler than 
dry soil. 


Temperature Changes of Wet and Dry Soil 


X — Wet Soil 
O—Dry Soil 


Temperature 


8:00 10:00 NOON 2:00 4:00 6:00 
Time 





Sloping Land and Soil Tempera- 
ture. Measure and compare the tem- 
peratures of soil on different sides of 
a hill. Do north-facing or south-fac- 
ing slopes have the higher soil tem- 
perature on sunny days? Why? 

Study the picture below. Which 
stream bank faces south and which 
faces north? On which slope will 
the soil be hotter and drier next 
summer? 
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Water Penetration in Soil. Cut 
both ends from a metal can and push 
the can into the soil as shown above. 
Pour a known volume of water into 
the can in the soil. How long does 
water take to penetrate into soil? 

Test soils of other texture in the 
same way. Through which soils 
does water penetrate quickly? 
Through which soils does water 
penetrate slowly? 

Penetration Rate of Water. Tie a 
cloth over one end of each of four 
transparent cylinders or glass chim- 
neys. Fill each tube three-quarters 
full with a dry soil material (sand, 
silt, clay, or humus). Use dry peat 
moss if humus is not available. 


Gently pack the soil as you fill the 
columns. 

Add water to one column. Meas- 
ure the distance the water pene- 


Plot the 


trates every 15 seconds. 
distance and time on a graph. Plot 
the data for other types of soil. La- 
bel each line on the graph with the 
name of the soil texture. Compare 
the penetration rate of water in dif- 
ferent types of soil. 

The Cause of Erosion. Water 
does not penetrate quickly into clay 
soil. Thus, when rain falls on bare 
clay hillsides, the water flows along 
the surface instead of penetrating 
into the soil. As the rainwater picks 
up speed, the water erodes away the 
clay, producing gullies such as the 
one shown in the picture at the bot- 
tom of the page. 

Soil conservationists suggest plant- 
ing such hills to reduce erosion. 
How could plants reduce the speed 
and amount of water coming off a 
hill after a rain? 








ap) 
Dry soil 
This soil held back 
40 cc’s of water. 


Water Retention. Fill a_trans- 
parent cylinder with dry soil. Add 
a known volume of water until some 
comes out the bottom of the col- 
umn. Collect and measure the wa- 
ter which comes out. Calculate the 
volume of water still held by the 
soil particles. 

Measure the volume of soil in the 
column. Divide the volume of wa- 
ter remaining in the soil by the soil 
volume. This ratio is a measure of 
the water retention, or water hold- 
ing power of the soil. 

Measure the water retention in 
different types of soils. In which 
soils is water retention high? 

Adhesion of Water to Glass. Fill 
a small jar with marbles. Cover the 
marbles with water. Hold back the 
marbles while pouring the water out 









Marbles 






60 cc’s 
of water 


the water 


Notice 
which remains. Where is it located? 

The attraction of two unlike sub- 
stances, such as water and glass is 
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called adhesion. The adhesion of 
water to soil particles is an important 
factor in the water retention of soils. 

Water Retention in Different Soils. 
Note the different conditions of the 
two lawns shown below. Both soils 
receive the same amount of rainfall 
and lawn sprinkling. However, the 
differences in soils cause one lawn 
to be green and the other to be 
brown. Explain the differences in 


terms of water penetration and wa- 
ter retention. 

How is water retention knowledge 
useful to (1) home builders, (2) sep- 
tic tank installers, (3) farm pond 
builders, and (4) irrigation farmers? 












Two clean 
glass plates 


Matchstick 
Rubberband 





Capillary Action. Set up the ap- 
paratus shown above, using two 
pieces of clean glass, a matchstick, 
a rubber band, and a pan of coloured 
water. Observe the rise of water 
between the glass plates. What 
happens to the amount of water rise 
as the distance between the plates 
increases? 

Water tends to be attracted to 
glass by a force called adhesion. 
This adhesive force is represented 
by the coloured arrows in the dia- 
grams at the right. The force of ad- 
hesion lifts the water between the 
glass plates. The water is lifted be- 





tween the plates until the upward 
pull of the adhesive force (coloured 
arrows) is balanced by the down- 
ward pull of the weight of the lifted 
water (black arrows). 

Where the glass plates are close 
together, the force of adhesion lifts 
the water quite high before the 
weight of water balances the up- 
ward pull of adhesion. Where the 
glass plates are further apart, the 
force of adhesion cannot lift the wa- 
ter very high before the weight of 
water balances the upward pull of 
adhesion. 

_ The adhesion of water and glass is 
often studied in very small diam- 
eter tubes called capillary tubes. 
For this reason, the rise of water 
caused by adhesion is called capil- 
lary action. 

Capillary Action in Soil. Place 
four transparent cylinders with dif- 
ferent types of dry soil in a pan of 
water. Observe what happens to 
the level of water-moistened soil. 
Compare the levels of water moist- 
ening in the cylinders after several 
hours. In which soil does the water 
rise highest? Compare the spaces 
between soil particles and the height 
the water rises by capillary action. 
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Wilting Point. Put dry sand, silt, 
clay, and humus into four separate 
cans. Weigh each can. Plant three 
bean seeds in each can. Water the 
soil as needed until one plant in 


each can has four leaves. Break off 
the other plants in each can. 

Soak the soil with water and 
weigh the cans and their contents. 
Calculate the weight of water in 
each can. 

Weigh the cans daily, but do not 
add more water. Make a graph 
showing the changes in the per cent 
of water left in the soil. Continue 
your observations until each plant 
begins to wilt. What per cent of 
water is left in the different soils 
when the plants begin to wilt? 

Water the wilted plants. Do they 
recover? If so, how much time do 
the plants need to recover com- 
pletely? 

Soil Water Classification. Soil 
scientists have noted that soil water 
exists in three conditions: (1) drain- 
age water, (2) capillary water, and 
(3) combined water. 

Drainage water is present in soils 
just after a rain. Water in this con- 
dition is moving downward under 
the influence of gravity. 
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Capillary water adheres to soil 
particles and is used by plants. 
Capillary water gives soil its moist 
appearance when soil is spaded on 
a dry day. 

Combined water is chemically 
combined with soil minerals. Plants 
are not able to use the water which 
is in this condition. 

The clay soil below has lost much 
of its combined water. As the water 
is lost, a new mineral is formed 
which is smaller than the mineral 
which had water in it, thus the soil 
shrinks and cracks. During the next 
rain, the clay minerals will react 
with the rainwater and swell. 








CHEMISTRY OF THE SOIL 


Soil minerals do not dissolve readily. Otherwise, the soil would have 
dissolved long ago. However, only the small fraction of each soil min- 
eral that does dissolve in the soil water can be taken into plant roots 
and used by plants. The other chemically useful part of the soil, called 
colloidal particles, is composed of bits of soil only slightly larger than 
those which dissolve in water. Thus, the two most important parts of 
the soil chemically, dissolved minerals and colloidal particles, are both 
too small to be seen with the unaided eye. 


Dissolved Chemicals. Use clean 
jars to collect samples of rainwater, 
well water, stream water, and rain 
water which has passed through 
various types of soil. Place these 
open jars where the water will evap- 
orate. Observe the jars after the 
water has evaporated. Compare 
the amount of material that has dis- 
solved in rainwater with the amount 
dissolved in the other water sam- 
ples. Explain the differences. 

Elements in Plants. Minerals 
which a plant needs must first be 
dissolved in soil water before plant 


roots can take in these chemicals. 
Each chemical element in the list 
has been found necessary for plant 
growth. More than 90 different ele- 
ments have been found in plants, 
but many of these do not seem to be 
essential. 


ESSENTIAL PLANT ELEMENTS 


1. Carbon 9. Iron 

2. Hydrogen 10. Magnesium 
3. Oxygen 11. Boron 

4. Phosphorus 12. Manganese 
5. Potassium 13. Copper 

6. Nitrogen 14, Zinc 

7. Sulphur 15. Molybdenum 
8. Calcium 16. Chlorine 
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Element Deficiencies in Plants. 
Plants must take in enough of the es- 
sential elements to grow normally. 
Plants which lack one essential ele- 
ment are shown on this page. How 
does a lack of nitrogen affect the 
growth of corn? How does a lack of 
phosphorus affect the growth of 
corn? 

There are two major causes for 
deficient soils. Some soils develop 
from rocks which do not contain the 
necessary elements. Other soils be- 
come deficient in one or more ele- 
ments when the same crop is grown 
year after year. Eventually the 
plants use up all of one or more es- 
sential elements. 

Farmers use pictures like those 
shown on this page to aid them in 
finding out if their soil lacks some 
of the essential elements. Deficient 
soils can still grow crops successfully 
if fertilizers containing the neces- 
sary elements are added to the soil. 
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Sweet clover 
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Nitrogen in the Soil. Plants use 
nitrogen in the form of nitrate ions 
(NO,~), nitrite ions (NO.~), and 
ammonium ions (NH,*). Unfortu- 
nately, soil compounds containing 
these ions dissolve readily in water 
and wash out of the soil. Thus, ni- 
trogen is often the one element that 
a soil lacks in order to produce maxi- 
mum plant growth. For this reason, 
the study of how nitrogen com- 
pounds are replaced in topsoil is an 
important part of soil chemistry. 

Nitrogen Cycle. The processes by 
which nitrogen enters and leaves the 
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soil make up the nitrogen cycle. 
Many of the steps of the nitrogen 
cycle are shown in the picture at the 
top of the page. 

Nitrogen is shown diffusing into 
the soil at the left of the picture. 
Nitrogen in this form is plentiful in 
soil air but most plants are not able 
to use it. A few soil bacteria can use 
this nitrogen. Some of these bac- 
teria exist in the soil. Others live in 
bumps or nodules in the roots of 
plants such as clover, alfalfa, and 
soybeans. As these bacteria die, the 
nitrogen compounds in their cells 
can be used by other plants. 

Pull up a clover or alfalfa plant. 
Compare the roots with those in the 
photograph. 

Oxides of nitrogen are produced 
when nitrogen and oxygen combine 
during lightning storms. Other ni- 
trogen compounds enter the atmos- 
phere from fires and decay processes, 
such as in manure piles. These ni- 
trogen compounds dissolve in rain- 
water and are washed into the soil. 

Testing Soil for Sulphate Ions. 
Add eight teaspoonfuls of distilled 
water to two teaspoonfuls of soil. 
Add five drops of dilute acetic acid 
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(see Appendix), shake well, and fil- 
ter material through filter paper or a 
paper towel. 

Put two teaspoonfuls of the fil- 
tered liquid in a test tube. Add a 
half teaspoonful of barium chloride 
solution (see Appendix). Then add 
a half teaspoonful of dilute acetic 
acid. If a white cloudy material 
called a precipitate develops in the 
solution, sulphate ions (SO,——) are 
present. 

Testing Soil for Chloride Ions. 
Put two teaspoonfuls of the filtered 
liquid from the last section in a test 
tube. Add a half teaspoonful of sil- 
ver nitrate (see Appendix) and then 
add a half teaspoonful of acetic acid. 
If a white precipitate develops, 
chloride ions (CI~) are present. 


Testing Soil for Carbonate Ions. 
Put a half teaspoonful of soil in a 
test tube. Cover the soil with dilute 
hydrochloric acid. If bubbles of gas 
rise from the dirt, carbonate ions 
(CO,;—~ ) are present. 

Soil Testing Kits. Chemical tests 
for elements such as nitrogen, phos- 
phorus, and potassium require spe- 
cial chemicals not readily obtained. 
For this reason, soil testing kits are 
sold which contain these special 
chemicals along with directions for 
using them to test soils. 

Visit a farm store or garden shop 
that sells soil testing kits. How 
many of the essential plant elements 
can these kits detect? 

If possible, bring a soil testing kit 
to class and use it to test soils. 


SOME CHEMICAL TESTS WITH SOILS 











Ion Test 
Sulphates (SO4 compounds) 


Procedure 


Add half teaspoon of barium 


Positive Results 


White precipitate 


chloride, then half teaspoon 
of dilute acetic acid. 


Chlorides (Cl compounds) 


Add half teaspoon of silver ni- | White precipitate 


trate, then half teaspoon of di- 
lute acetic acid. 


Carbonates (COs compounds) 
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Cover half teaspoon of dirt] Bubbles of gas 
with dilute hydrochloric acid. 








Colloidal Soil Particles. Add sev- 
eral teaspoonfuls of clay soil to a jar 
of water and stir it well. Observe 
the jar after several hours. 

The small bits of soil which keep 
water cloudy, even after many hours, 
are called colloidal particles. Col- 
loidal particles are composed of crys- 
talline clay particles and noncrystal- 
line humus particles. The colloidal 
clay minerals in the photograph have 
been magnified about 30,000 times. 
Colloidal particles are especially im- 
portant in soils because the useful 
chemicals in soils are attached to the 
colloidal particles. 
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Colloidal Particles and _ Ions. 
Many chemical compounds are be- 
lieved to be composed of charged 
atoms called ions. Oppositely 
charged ions are attracted to each 
other to produce molecules of com- 
pounds. 

Colloidal particles are believed to 
have negative charges on their sur- 
faces. Positively charged ions, such 
as calcium (Ca*t), magnesium 
(Mgt*), potassium (K*), ammo- 
nium (NH,*), and hydrogen (H*), 
are attracted to the surfaces of the 
colloidal particles. Notice the posi- 
tive ions on the surfaces of the col- 
loidal particles pictured here. 

Ions and Water. A small but im- 
portant fraction of water exists as 
H+ and OH~ ions. The Ht ions 
(hydrogen ions) are able to replace 
some of the positive ions attached 
to the colloidal particles. Thus, 
when there is moisture in the soil, a 
small amount of the ions attached 
to the colloidal particles dissolve in 
the water. These chemicals may be 
(1) taken in by plant roots, 
(2) washed out of the soil, or (3) re- 
turned to the surface of the colloidal 
particles as the soil water evapo- 
rates. 


Mgt+ 
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Testing for Acidic and Basic Soils. 
Acidic, neutral, and basic solutions 
can be identified by using litmus pa- 
per. Blue litmus paper turns red 
when dipped in acidic solutions. 
Red litmus paper turns blue when 
dipped in basic solutions. When 
neither red nor blue litmus turns 
colour when moistened, the solutions 
are neutral. 

Use litmus paper to find out if a 
soil is acidic, basic, or neutral. If 
the soil is dry, add several teaspoon- 
fuls of distilled water. Then moisten 
the litmus with the wet soil. 

Test soils in different locations. 
In what locations do you find soils 
which are acidic? Are these soils 
usually wet or dry? 

Soil pH. The acidic, neutral, or 
basic property of soils can be de- 
scribed more accurately in terms of 
pH. Neutral soils have a pH of 7. 
Acidic soils have pH values less than 
7. The more strongly acid the soil, 
the lower the pH value. 

Basic soils have pH values greater 
than 7. The more basic the soil, the 
higher the pH value. 

An Example of the Effect of pH. 
The hydrangea plants shown here 
are both of the same species. The 











Acids turn litmus red Bases turn litmus blue 


conditions under which they grew 
were the same except that iron sul- 
phate was added to the soil of the 
plant on the left. 

Add some iron sulphate (FeSO, ) 
to moist, neutral soil. Test the soil 
with litmus to find out how the pH 
of soil changes when iron sulphate is 


added. 








| Pedalfer 


i Pedocal 


Rainfall and Soil Differences. The 
map above shows the locations of 
two main types of soils called pedo- 
cal and pedalfer soils. Pedocal 
(ped—soil, cal—calcium) soils con- 
tain relatively large amounts of cal- 
cium ions. The important calcium 
ions are missing from _pedalfer 
(ped—soil, al—aluminum, fer—iron) 
soils. 

Compare the rainfall in regions 
where pedocal soils developed with 
regions where pedalfer soils devel- 
oped. Make an hypothesis to ex- 
plain how rainfall might have af- 
fected the development of these 
soils. 

Colloidal particles are believed to 
play an important part in the devel- 
opment of soils. The role of these 
particles is pictured in the diagram 
below. 


Catt Kt 
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(water) 










Colloidal soil particles attract 
positively charged ions, such as cal- 
cium ions (Ca**). In regions of 
high rainfall, large numbers of hy- 
drogen ions exist in soil water. 
These positively charged hydrogen 
ions (H+) replace many of the other 
ions on the colloidal surfaces. The 
positive ions, such as calcium (Ca*), 
which were removed from the sur- 
faces of the colloidal material, wash 
out of the soil. 

The hydrogen ions in the soil par- 
ticles react with litmus paper in the 
same way that hydrogen ions in 
acids do (all acids contain hydro- 
gen ions). Thus, moist soils tend to 
be acidic and low in calcium. 

Note regions on the map where 
lime is often added to soils. Why is 
lime (a compound containing cal- 
cium) added to pedalfer soils? 


Heatly 


+ ions dissolved 


in water 


= (acidic colloid) 
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Plant Growth and Soil pH. Graz- 
ing animals prefer to eat plants 
growing in well-drained soils where 
clover grows. Such soils usually 
have pH values of 7 or greater. 
Farmers describe such soils as sweet. 

Grazing animals usually prefer 
not to eat the plants which grow in 
poorly drained soils. These soils 
often have pH values of less than 7. 
Farmers describe such soils as sour. 

Studies show that plants have dif- 
ferent pH preferences for maximum 
growth. Thus, the type of plant 
which grows well in acidic soil usu- 
ally does not grow well in basic soils. 
Some examples of the soil pH prefer- 
ences of plants are given in the table 
above. 

Liming Acidic Soils. Use litmus 
to test water which has lime in it. 
Is lime acidic or basic? 

Dig up a section of acid soil six 
inches on each side and place it in a 
pail. Moisten the soil. Add a table- 
spoon of lime to the soil and test the 
soil with litmus. Repeat this proc- 
ess until the soil is neutralized. 
How much lime is needed to neu- 
tralize this amount of soil? How 
much lime would be needed to neu- 
tralize a square foot of soil to a depth 
of six inches? 

How much lime would be needed 
to neutralize the top six inches of 
one acre of this soil? One acre is 
43,560 square feet. 

The photographs show the effect 
of pH on the growth of alfalfa. 
Lime was added to an acid soil, re- 
sulting in a better crop. Note the 
pH preference of alfalfa on the table 
above. 
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SOIL pH FOR BEST PLANT GROWTH 
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Each spadeful of soil contains millions of plants and animals, most of 
which are microscopic. These organisms have many different sources 
of food. Some digest dead plant and animal material found on top of 
the soil. Others exist on roots and other plant parts in the soil. Some 
soil animals are predators, that is, they search for, attack, and eat other 
soil organisms. 

Dead, green plant material on top of the soil is probably a major 
food source of soil life. This material passes through or becomes a part 
of many different soil plants and animals. Usually non-green plants 
called fungi are the first to digest and use the material in green plants. 
Fungi, in turn, serve as food for many different types of bacteria and 
small soil animals. Eventually, much of the original plant material 
ends up as humus; but the exact process is not understood. This once- 
living material improves soil in many ways. 
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Animals in Soil. Carefully lift out 
a clump of woodland soil about six 
inches on each side. Spread the soil 
on a newspaper. Separate the small 
animals that you find in the soil and 
place them in jars. Use the picture 
on these pages to identify each ani- 
mal. Keep a record of the type and 
number of organisms in this one- 
eighth cubic foot of soil. 

The number of small animals in 
the soil depends on many factors, 
such as food supply, moisture, and 


329 





temperature. A study of soil in a 
New York state forest revealed over 
2.000 insects, mites, and other small 
animals in a soil sample of the size 
studied above. 

Animals such as worms, termites, 
springtails, millipedes, and_ snails 
feed on plant material, thus aiding 
in the process of plant decay. Other 
animals, such as spiders, ants, and 
centipedes, are predators. They feed 
on the plant-eating animals in the 
soil. 





Animals Which Start Decay. 
Visit a woodland area and break 
apart dead trees which appear to 
have been decaying for different 
lengths of time. Make a record of 
the animals inside. 

Animals which feed on and digest 
plant material include earthworms 
and some stages of insects, includ- 
ing ants and termites. These organ- 
isms chew passageways through 
wood and leaves. The passageways 
allow air, water, and other organ- 
isms to reach all parts of the decay- 
ing plant. The photograph shows 


carpenter ants which have made 
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many passageways through a piece 
of wood. 

Fungi. Pull apart a piece of wood 
that has shelf fungi or mushrooms on 
it. Look for thin, white, thread-like 
strands called mycelium. How far 
does the mycelium extend into the 
tree? 

Fungi are not able to make their 
own food as green plants do. In- 
stead, the mycelium produces chem- 
icals which break down the mate- 
rials in other plants, living or dead. 

Mycelium often grows for many 
months underground or _ inside 
woody plants. Then, a part of the 
mycelium grows to the surface and 
the part of the fungus which you 
usually see develops. Thousands of 
tiny spores develop in this part of 
the fungus. When the spores are 
ripe, they fall from the parent plant 
and are carried by wind, water, and 
gravity. Under proper conditions, 
the spores will develop into myce- 
lium. 

Many of the organisms found in 
decaying wood cannot eat wood ma- 
terial. Instead, these organisms feed 
on mycelium. 
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Microscopic Soil Life. Boil some 
grass and leaves in water for 20 min- 
utes. After the mixture cools, add 
two teaspoonfuls of soil. Cover the 
jar and put it in a warm place. 

After several days, examine some 
of the drops of the culture through 
the low-power lenses of a micro- 
scope. Use higher magnification to 
aid in drawing some examples of the 
different forms of life. Identify al- 
gae, fungi, protozoa, rotifers, nema- 
todes, and other organisms by using 
the pictures above and other refer- 
ence sources. 

Biologists have calculated that 
99.999996% of all the organisms 
which live in the soil are micro- 
scopic. Microscopic fungi compose 
about half of the living organisms in 
woodland soil. Bacteria and proto- 
zoa make up most of the other half. 
The bacteria and fungi are respon- 
sible for most of the decay which 
occurs in the soil. The protozoa 
feed on the bacteria and fungi. 
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Culturing Soil Micro-organisms. 
Prepare several sterile dishes con- 
taining agar (see Appendix). Sprin- 
kle a pinch of different types of soil 
in each dish. Keep one dish un- 
opened as a control. 

After several days, compare the 
condition of the control dish with 
the dishes to which soil was added. 
Use the photograph to aid in identi- 
fying bacteria and fungi in the cul- 
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The Effects of Humus. Locate a 
soil profile in an area with dead and 
decaying matter on top of the soil. 
Carefully gather a soil sample about 
two inches on each side from the re- 
gion rich in humus just below the 
top of the profile. Collect a second 


sample of the same size much lower 
in the profile. 

Place each sample in a wire basket 
made of 14-inch hardware screening. 
Lower the screening into jars filled 
with water. 

Compare the condition of each soil 
sample in water. What effect does 
humus have on soil? Of what value 
is humus in reducing soil erosion? 

Making Humus from Compost. 
Use a sharp-bladed spade to cut a 
profile in a compost pile. Observe 
the particles at the top and bottom 
of the pile. Which particles have 
been decaying longest? What 
changes in particle sizes have oc- 
curred? What changes in colour 
have occurred? 

Make a list of the organisms visi- 
ble in the compost. 

Many gardeners collect lawn clip- 
pings, leaves, and other plant re- 
mains and make compost piles of the 
material. The compost is digested 
by soil organisms and broken down 
and changed into colloidal particles 
of humus. Gardeners return the 
humus to the soil as a way of im- 
proving their crops. In spite of the 
importance of humus, its exact meth- 
od of formation and its chemical 
composition are still not understood. 
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Experimental Research 


1. Twist round metal cans into the ground as 
shown here to obtain soil samples. Set up 
the apparatus shown to test the soil air for 
carbon dioxide (CO,). Compare the 
amount of carbon dioxide in different soils. 

2. Set up an experiment to compare the growth 
of plants in humus soil with plants grown in 
soil composed of crushed shale or other rock. 

3. Experiment — with hydroponics—growing 
plants in solutions of chemicals. Use library 
references to prepare the chemical solutions. 
Set up an experiment to compare the growth 
of plants in solutions which contain all the 
required minerals with plants in different 
solutions which lack one of the required 
minerals. Look for deficiency disease symp- 
toms. 

4. Add sulphur to a small plot of neutral soil. 
Check the pH of the soil one week later. 

5. Use Hydrion paper to measure the pH of 
some soils which farmers call sweet and sour. 

6. Find out if sterilizing soil has an effect on 
the growth of plants. Sterilize half of a four 
quart sample of garden soil by heating it in 
an oven for one hour at 300°F. Plant seeds 
in the two quarts of sterilized soil and in the 
two quarts of unsterilized soil. Compare the 
growth of the plants in each soil. 

7. Study what effect plants have on the loss of 
water from soil. Prepare two pots as shown 
here. Water both pots and weigh them. 
Weigh the pots each day for several days. 
Which pot loses water quicker? Propose a 
hypothesis to explain your observations. 
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12. 


13. 


. Make a soil auger by welding two pieces of 


steel rod to an old wood auger, as shown 
here. Use the soil auger to study the tex- 
ture and appearance of soil at different 
depths. Study soil profiles using this device. 
Prepare a map showing the area studied and 
the regions which have similar soil profiles. 


. Do an experiment to find out what is the best 


amount of fertilizer (or lime) to add to a 
soil. Add different amounts of fertilizer to 
each of several pots containing the same kind 
of soil. Grow the same species of plant in 
each pot. Make graphs showing the growth 
of the plants for each amount of fertilizer 


added. 


. Experiment with firing some local clay. Ask 


the art or industrial arts teacher or someone 
interested in ceramics for help, if necessary. 
Make a study of the changes in the per cent 
of water in garden soil. Determine the per 
cent of water in the soil every three days for 
two weeks. 

Use Hydrion paper to test the pH of worm 
castings (see the picture at the left). 

Study particles of soil with a microscope. 
Spread a thin layer of clear glue on a micro- 
scope slide by the method shown below. 
Sprinkle sandy soil particles on the slide. 
Prepare slides of particles of other soil types. 
Examine the slides with a microscope. Make 
a list of the minerals you identify in each 


soil type. 


Other Investigations and Projects 


. Add two teaspoonfuls of different clay soil 


samples to each of several soda bottles. Fill 
the bottles with water. Shake the bottles 
well and let them stand for a week or ten 
days. Observe the bottles daily. Keep a 
record of the rate of settling of any apparent 
layers in the mixture. Note the picture 
at the top of the next page. Each layer rep- 
resents a large fraction of particles of the 
same size, all settling at the same rate. Com- 
pare the slowly settling layers in each bottle. 
What does this show about the clay samples? 
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10. 


11. 


. Write the federal and provincial governments 


for information concerning the soils in your 
area. Add this to your other classroom refer- 
ence materials. 


. Visit your local agricultural representative, or 


write to him, to find out what soil problems 
are of importance in his territory. 


. Invite an interested farmer to speak to your 


class about the soils in your local area. 


. Prepare a photographic scrapbook showing 


examples of good and poor soil conservation 
practices in your area. 


. Make a study of the different types of small 


animals found in a decaying log. Report 
your findings. 


. Prepare a display of products which are 


made from soil minerals; for example, glass 
and china. 


. Try to find out how the percentage of Cana- 


dians who live on farms has changed in the 
past 100 years. List some of the factors which 
were responsible for much of this change. 


. Prepare a report about loco weed and other 


plant conditions caused by an excess of one 
element in the soil. 

Prepare an ant observation nest using the 
materials shown here. Dig up an ant hill 
including some of the ants and eggs. Add 
the soil and parts of the ant hill to the space 
between the two glass plates, then tape all 
joints of the observation nest. Add moisture 
and food to the nest by adding water to one 
of the sponges and a mixture of water and 
honey to the other. Cover both glass plates 
with dark paper for several days. Cover the 
glass with dark paper when not observing 
the ant nest. 

Collect different types of mushrooms. Place 
the cap of each type of mushroom, right side 
up, on sheets of white paper. Cover each 
cap with a drinking glass. The next day, 
observe the spore prints which are produced 
on the paper. 
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Review Questions 


. What four different types of matter make up 


soil? 

Which soil has the largest particles: sand, 
silt, or clay? Which has the smallest? 

What is a soil profile? What are the major 
regions of a soil profile? 

Where is there an example of highly com- 
pacted soil near your school? 

What effect does moisture have on the tem- 
perature of soil during a warm day? 

Which side of a hill would have the highest 
soil temperature? The lowest soil tempera- 
ture? 

Through which soils does water penetrate 
quickly? Slowly? 

Why is the penetration rate an important 
factor in the erosion of hillsides? 

Why is the retention of water by soils im- 
portant? : 


. Why is capillary action important in soils? 
. What is the difference between drainage wa- 


ter, capillary water, and combined water? 


. What are some of the essential plant ele- 


ments? 

Of what importance are colloids in soils? 
What is the difference between pedocal and 
pedalfer soils? 

What effect does lime have on soils? 

Of what importance to soils are each of the 
following: fungi, insects, bacteria, protozoa? 





Thought Questions 


. Why is distilled water used when testing 


soils for different elements? 

Many soils of the eastern United States rest 
on bedrock of limestone, yet lime must be 
added to these soils. Explain. 

Shaded lawns and sunny lawns have different 
types of weeds. What other factors beside 
temperature might be responsible for this 
difference? 


. Why would a hillside with plants on it have 


less water runoff than the same hill without 
plants? 
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_ Life in the Past 


The true significance of fossils has been realized for less than 200 years. 
Many people once believed that fossil bones belonged to men drowned 
by the flood which is described in the Bible. Other fossils have been ex- 
plained as unsatisfactory forms of life discarded by the Creator while 
making the world. : 

Our knowledge of fossils has grown greatly during the last century. 
Thousands of extinct species have been recognized. Nevertheless, only 
a small part of the fossil-bearing rocks have been explored. There re- 
‘main countless numbers of fossils which will add to our knowledge of 
ancient life when they are uncovered. — 








CLUES TO THE PAST 


Complete remains of long dead plants and animals are very scarce. 
Usually, only bones, shells, wood, or other hard parts are preserved. 
Such fossils provide incomplete and uncertain clues as to the nature of 


ancient life. 


Geologists compare fossils with living organisms in order to make 
guesses, or inferences, about the nature and habits of extinct plants and 
animals. What type of training should a geologist have for making 


trustworthy inferences? 


Tracks as Clues. The picture 
above shows that an animal crossed 
a snow-covered field. People who 
have studied common animals can 
tell what animal made the tracks 
and which way it was going. They 
can also make trustworthy inferences 
about speed and size of the animal. 

Examine the photograph. Which 
prints were made by the hind feet 
and which were made by the front 
feet? Which way was the animal 


going? What gait was it using? 
Check your inferences with those 
given later in this chapter. 

Two other sets of tracks are shown 
above. The middle set is recent; 
the other was found in a slab of 
ancient sandstone. What inferences 
can you make about these tracks? 
Which inferences are probably more 
trustworthy? Why? Check your 
inferences with those given later in 
this chapter. 
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Using Experimental Evidence. 
Dampen clay soil until it shows a 
clear print when you step on it. 
Measure the depth of the print. 
Mark off a sheet of paper with one- 
inch squares, cut it to the size of the 
print, and determine the area. 

With what force did you step on 
the soil? What was the pressure on 
each square inch of soil? 

Ask a child and an adult to make 
prints in the same soil. Use meas- 
urements of depth and area to esti- 
mate the weight of each person. 
How close are your estimates? How 
might you improve them? 

Estimate the area and depth of 
the dinosaur track in the photo- 
graph. Assume that the animal 
stepped in soil like that used in your 
experiment. Infer the weight of the 
dinosaur. What would be the differ- 
ence if the animal walked on two 


339 





legs or four legs? What assumptions 
might make your calculation too 
large? What assumptions might 
make it too small? 








Inferences from Incomplete Re- 
mains. A number of fossils are 
shown on these two pages. None of 
those shown are complete remains of 
the original organisms. Study the 
pictures and look for clues that can 
help you make inferences about 
these plants and animals that have 
been dead for many years. Com- 


pare your inferences with those 
made later in this chapter. 

Study fossils in the school collec- 
tion and fossils that you collect for 
yourself. Write down your infer- 
ences about them. At the end of 
this chapter, review your inferences. 
Make changes in agreement with 


your added knowledge of fossils. 











HOW FOSSILS ARE FORMED 


A fossil is any trace that a plant or animal has lived somewhere in the 
distant past. A piece of wood, a shell, or a bone is a fossil. So too, is 
an animal track or the burrow of a long-dead worm. 

Very few actual remains of plants and animals are preserved as fos- 
sils. Chemical changes usually take place and the original material is 
replaced with new substances. Sometimes the original material dis- 
solves away completely, leaving only prints in the sediments that sur- 
rounded the remains. 


Moulds of Shells. Prints of shells shows a groove where a shell has a 
and bones are called moulds. A ridge, and a ridge where a shell has 
mould of a shell has the shape of a groove. 
the shell in reverse; that is, a mould Make a clam shell mould in plaster 





External mould 


a 






Baud bande Original shell 
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of Paris. Prepare a thick mixture of 
the plaster and water. Press the 
clam ‘shell into the mixture until it 
is level with the surface. Let the 
plaster harden. Then coat the plas- 
ter with Vaseline and pour another 
layer of plaster on top. On the fol- 
lowing day, separate the layers and 
remove the shell. Compare the 
markings on the mould with those 
on the shell. 

The mould of the outside of a shell 
is called an external mould. The 
mould of the inside of a shell is called 
an internal mould. The photograph 
on the opposite page shows both in- 
ternal and external moulds. A and B 
are both moulds of the same shell. 
Which is an external mould and 
which is an internal mould? What 
is CP D and E are also moulds of 
the same shell. Which is internal 
and which is external? 

Casts of Shells. Ground water 
seeping through a rock may dissolve 
away shells within the rock. Empty 
spaces are left between the moulds. 
Fit together the plaster moulds you 
have made. Describe the space re- 
maining between the moulds. What 
would you see if you made a break 


Part of internal mould 





Auger shell Internal mould 


across the moulds? Explain the 
space between F and G in the photo- 
graph on the opposite page. 

After ground water has dissolved 
away a Shell, it may deposit other 
minerals in the space. The new 
minerals form a cast. In what ways 
is a cast like the original shell? In 
what ways is a cast different from the 
original shell? 

The fossil at the right below is a 
cast. How might the other fossils 
have been formed? 





Mould of pedicle valve 
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Mould of brachial valve 


Cast of whole shell 






Original Remains. The photo- 
graph below shows the remains of a 
relative of elephants found in frozen 
arctic soil. Note that skin, hair, and 
flesh remain on parts of the body. 
Why did they not decayP How 
might the animal have become 
buried before decaying or being 


eaten? 





The bodies of insects are found in 
many pieces of the mineral called 
amber. Geologists believe that am- 
ber was once a gum given off by 
wounds in the bark of cone-bearing 
trees. Explain how insects might 
become buried in this gum. How 
can the gum prevent decay? 

Why are original remains like 
these especially useful to geologists? 

Carbonization. Plants and ani- 
mals buried quickly in clay or sand 
may not decay if oxygen and bac- 
teria are absent. However, other 
types of chemical changes usually 
take place, producing natural gas 
and oil, but leaving part of the car- 
bon. Coal is formed in this manner. 

The carbon that remains in the 
rocks sometimes shows clearly the 
nature of the buried plants and ani- 
mals. Sometimes even internal or- 
gans can be seen. What do the car- 
bonized remains in the photographs 
below show you? 
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Petrification. Petrify means turn 
to stone. The process of petrifica- 
tion is not well understood. 

To the best of our knowledge, 
ground water sometimes dissolves 
materials of which an organism is 
made, replacing molecules with 
equal amounts of some mineral. 
Thus the fossil is almost exactly like 
the original organism, even when 
viewed through a microscope. 
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Shells, bones, teeth, and wood are 
the parts most often petrified. The 
pictures on this page show petrified 
tree trunks. The wood has been re- 
placed by silica. Notice how well 
the appearance of the trunks has 
been preserved. Even the growth 
rings can be seen. The cells that 
made up the wood can also be seen 
clearly with the aid of a micro- 
scope. 







Siphons 


Direction of motion 


INTERPRETING FOSSILS 


Many animals of the past have left only their hard, outer coverings as 
fossils. No one knows exactly what these animals were like. Satisfac- 
tory inferences about fossils are possible only if there are living rela- 
tives. The closer the relationship, the more likely that trustworthy 


inferences can be made. 


Fossils show that relatives of clams have been numerous for millions 
of years. Therefore, a knowledge of living clams is very helpful in un- 
derstanding some of the most common fossils. 


A Clam’s Exterior. Drop a clam 
into warm water until its shells open. 
Push a chip of rock between the 
shells to keep them open. 

Look for the tough ligament that 
serves as a hinge for the shells. 
This ligament also acts as a spring 
which opens the shells. 

Look between the shells for a thin 
membrane that comes to the edge 





Muscles 


of each shell. This membrane is 
called the mantle. 

The oldest part of a shell is the 
point near the hinge. The shell 
grows, as glands along the edges of 
the mantle give off calcium carbon- 
ate and other chemicals. Note that 
a shell does not grow equally in all 
directions. In which direction is 
growth most rapid? 





Gills 


Structure of a clam 
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Ridges on a shell also show that 
growth is not regular. Each ridge 
was formed during a period of 
slow growth. Large ridges prob- 
ably represent long periods of little 
growth, such as during winters. The 
age of a shell can be estimated from 
these large ridges. 

Interior of a Clam. Slip a thin 
knife blade between the shells, 
keeping it close to one shell. Cut 
the muscles that hold the shells to- 
gether. 

Fold back the mantle from the 
body of the clam. Find the muscu- 
lar foot which is thrust out between 
the shells when the clam crawls. 

Notice that the mantle is joined 
at the rear of the clam to form two 
tubes called siphons. Water is 
drawn in through the lower siphon, 
bringing in oxygen and tiny parti- 
cles of food. Water is forced out 
through the upper siphon, carrying 
away wastes. 

Remove the body of the clam from 
the shell. Notice how the muscles 
which close the shells were attached. 
Notice also where the mantle was 
attached to the shell. 

Boil the two shells for a few min- 
utes and remove all the tissues. 


Mussel 


Scallop 







Muscle scar 


Muscle scar 


Study the markings on the interior 
of the shells. Which scars show 
where muscles were attached? 
Which show where the mantle was 
attached? Describe the scar where 
the siphons were located. 

Fit the two shells together. What 
keeps the shells from being twisted 
out of line with each other? 

Shells of Related Animals. Study 
shells of animals related to clams; 
including oysters, scallops, mussels, 
and fossils like those below. Com- 
pare each with your clam shells. 

Try to imagine the animals in their 
shells. What was the natural posi- 
tion of the animals? How did they 
move about, open and close their 
shells, and obtain food? Explain as 
many of the markings on the shells 
as you can, 


Shell Fossils 








Mollusks. Clams belong to a 
group of animals called mollusks. 
Most mollusks have shells. 

One division of the mollusks in- 
cludes clams, oysters, mussels, and 
scallops. These animals are called 
pelecypods (pelecy—hatchet, and 
pod—foot) because the foot of some 
species reminds biologists of ancient 
battle axes. 

Gastropods. Another division of 
mollusks includes snails. These ani- 
mals crawl on a broad foot as shown 
above. They are called gastropods 
(gastro—stomach, and pod—foot). 
Why do you think this name was 
given to these animals? 

Generally, gastropods have one 
large, coiled shell. The shell is made 
up chiefly of calcium carbonate 





Feelers 


given off by glands in the mantle. 
One side of the mantle grows much 
faster than the other. How does this 
affect the shape of the shell? 

The gastropod in the diagram has 
a second shell. Where is this second 
shell when the animal is crawling? 
Where is it when the animal is in- 
side its shell? 

Watch a snail crawl up the glass 
side of an aquarium. Note the 
movement of the foot. Find the 
mouth, feelers, and eyes. Does your 
specimen have a_ second shell? 
Does it have a siphon? What hap- 
pens if you disturb the animal? 

Drop a snail into boiling water to 
kill it. Saw open the shell with a 
fine blade. Does the snail’s body 
go to the end of the shell? Find the 
muscles that pull the body inside. 

Cephalopods. A third group of 
mollusks includes octopuses and 
squids. These animals are called 
cephalopods (cephalo—head, and 
pod—foot ) because they move about 
by means of tentacles attached to 
their heads. 

Living cephalopods have well de- 
veloped eyes and tentacles. How 
does an octopus use its tentacles? 
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Living nautilus 


Judging from the name, how many 
tentacles does it have? 

Only one living species of cepha- 
lopod has a shell. This is the nau- 
tilus shown above. 

A nautilus shell is divided into 
many chambers but the animal's 
body occupies only the outer cham- 
ber. Each of the other chambers 
represents a location of the animal’s 
body when the nautilus was smaller. 
The nautilus produces a new parti- 
tion each time it moves its body 
farther toward the end of the shell. 
How many times did the nautilus 
move in making the shell as in BP 

Fossil cephalopods can be iden- 
tified by the partitions and cham- 
bers of their shells as in A. How else 
are the shells different from those of 
other mollusks? 

The restorations at C and D show 
some cephalopods that lived several 
million years ago. Note that one 
type has a straight shell and one has 
a coiled shell. Which parts of these 
models are probably correct? 
Which parts are based upon infer- 
ences? How might the models have 
appeared if they were based upon 
different inferences? 
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Brachiopods. Brachiopods (pro- 
nounced — brack-i-o-pods) — were 
among the most common animals in 
many ancient seas. Some rocks 
are made up almost completely of 
brachiopod shells. Brachiopods are 
not nearly as numerous today as 
they were in the past. 

Brachiopods are not closely re- 
lated to clams even though both 
types of animals have two shells. 
The diagrams below show two im- 
portant differences between the 
shells: (1) the two shells of a pelec- 
ypod are much alike but those of a 
brachiopod are unlike; (2) a brachi- 
opod shell grows equally on both 
sides of a centre line but a pelecypod 
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shell does not. Try to identify 
brachiopod and pelecypod shells in 
a collection of fossils. 

The photograph on the next page 
shows the natural position of a liv- 
ing brachiopod. This brachiopod is 
attached to a rock by a fleshy stalk 
which passes through a hole near 
the hinge line of the shells. Com- 
pare the position of this brachiopod 
with the natural position of a clam. 

‘A brachiopod has two arm-like or- 
gans within the shells as shown in 
the diagram on the next page. Biol- 
ogists once thought that these or- 
gans served for moving about and so 
they gave the animals their name 
(brachio—arm, and pod—foot). 





Side view Brachial view 
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However, brachiopods remain fixed 
in one place most of their lives. 

The arm-like organs of a brachio- 
pod serve for obtaining food and 
oxygen. They are covered with 
microscopic fingers called cilia, 
which wave a current of water into 
the shells. Oxygen and food parti- 
cles are carried in with the water. 

A brachiopod opens and closes its 
shells by means of muscles. One 
set of muscles opens the shells; an- 
other set closes them. Scars on 
empty shells show where muscles 
were attached. 

Fossil brachiopods are found in 
many shapes and sizes. Examine as 
many kinds as you can. Hold a 
specimen in its natural position. 
Find the hinge line. Look for the 
hole through which the stalk passed. 
If there is no hole, this species may 
have cemented itself fast to a rock. 

Notice the ridges on the outside 
of the shells. These ridges show 
changes in speed of growth. Where 
is the oldest part of the shell? 

Notice also the large ridges and 
grooves on some specimens. These 
shells are stronger than smooth 
shells and it is believed that the ani- 
mals could live in rough water along 
wave-swept coasts. 
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Muscle scars 
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Hinge teeth 
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Look for muscle scars on the in- 
teriors of brachiopod shells or their 
internal moulds. Well-preserved 
specimens may also show supports 
for the arms. 





Coiled support for arms 
Muscle scars 


Corals. Corals were as important 
in many ancient seas as they are to- 
day. They often formed huge reefs 
which may have become islands, 
like certain Pacific islands today. 
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Restoration of Solitary Coral 





Modern corals are found in col- 
onies made up of a great many tiny 
animals. In the past, there were 
both colonial corals and_ solitary 
corals. 

It is believed that the solitary 
corals of the past were somewhat 
like the sea anemone shown at the 
top left. A sea anemone is a sac-like 
animal, open at the top. Around this 
opening, which serves as a mouth, 
are many small tentacles. These ten- 
tacles can grasp small animals, sting 
them, and place them in the mouth. 
But unlike corals, sea anemones 
have no hard parts. 

Fossils show that a solitary coral 
built a cone of calcium carbonate 
around its body. The cone was 
strengthened inside with plates run- 
ning up and down. As the animal 
grew, it added to the cone at the top. 
Explain the shape of the coral shown 
at the left. 

As the cone grew taller, the ani- 
mal had to pull itself upward occa- 
sionally. Each time it did so, it pro- 
duced a supporting floor under its 


Fleshy tentacl NN 
y ee 
U\\ 

a 





352 


body. The diagram at the bottom of 
the opposite page shows the location 
of some of these floors. If possible, 
break open some solitary corals and 
find the parts described. 

Three specimens of colonial corals 
are shown here. The type that is 
shown in the first photograph lives 
today; the types shown in the second 
and third photographs are extinct. 
Both species have made large reefs. 

The parts shown here are made 
up of calcium carbonate. The holes 
on the surface are the cones within 
which the many tiny coral animals 
once lived. The growth of the cones 
can be traced when a specimen is 
broken open. 

The restoration shows a number 
of extinct animals that might have 
lived together in an ancient sea. 
Upon what evidence would such an 
inference be based? 

Which models are of solitary cor- 
als? Which are of colonial corals? 
What other animals can you iden- 
tify? Which parts are probably ac- 
curate? Which doubtful? 
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Crinoids. These animals look so 
much like plants that they have been 
named crinoids (crino—lily, and oid 
—like). They were once much more 
numerous than today. 

A crinoid’s body is at the top of 
a stalk. Its mouth is surrounded by 
several arms bearing cilia. The cilia 
wave a current of water along 
grooves in the arms toward the 
mouth. Particles of food are swept 
along with the water. 

The body of a crinoid is surround- 
ed with plates of calcium carbon- 
ate. The stalk is made up of discs 
of the same material. These discs 
and plates usually fall apart when 
the soft parts decay. Therefore, 
complete fossil crinoids are rarely 


found. 
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Trilobites. These animals were 
given their names because their bod- 
ies have three lengthwise divisions 
called lobes (tri—three, and lobos— 
lobe). Trilobites were once com- 
mon but are now extinct. 

A trilobite had an external skele- 
ton divided into many segments like 
those of crayfish, centipedes, and in- 
sects. It is believed that trilobites 
shed their skeletons several times 
while growing, just as insects do. 
These skeletons usually fell apart 
and are not often found complete. 

A few fossil trilobites show limbs 
which could have been used for 
walking. A few show limbs that 
could have been used for swimming. 
Most trilobites had eyes; the eyes of 
some species were compound like 
the eyes of certain insects. Many 
trilobites had feelers on the head 
and a few had feelers on the rear as 
well. 

The restoration shows two kinds 
of trilobites. What animal is cap- 
turing a trilobite? What other ani- 
mals can you identify? 
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RECONSTRUCTING ANCIENT ANIMALS 


Bones of mammoths have been found in many parts of the Northern 
hemisphere. Many people claimed that they were the skeletons of gi- 
ants. Some people thought them to be bones of huge moles because 
they were always found buried in soil. Early attempts to assemble 
skeletons produced some amazing creatures, especially when the bones 
of two animals were mixed. 

Finally, a few complete skeletons were discovered and recognized as 
belonging to a race of elephants. Specimens found frozen in arctic 
soil gave information about the hair and skin. The reconstruction 
shown here is probably accurate, but as late as 1900 the tusks were 
shown pointing outward. New discoveries may make other changes 


necessary. 


The Skeleton. The reconstruction 
of an animal often begins with a pile 
of bones. A geologist must first sort 
out these bones, keeping only those 
of the animal in which he is inter- 
ested. If some bones seem to be 
missing, he studies skeletons of re- 


lated animals, and makes inferences 
about the sizes and shapes of the 
missing bones. 

The geologist then mounts each 
bone in what he believes to be its 
natural position. Why is a knowl- 
edge of living relatives of the animal 
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a great help at this time? Why does 
a geologist make records of the ar- 
rangement of the bones before re- 
moving them from the rocks? 

The Fleshy Parts. A geologist 
must make many inferences while 
reconstructing the muscles and other 
soft parts. If he can decide from 
the skeleton whether the animal 
flew, swam, hopped, ran, or wad- 
dled, he can decide which muscles 
had to be large. Scars on the bones 
show where the muscles were at- 
tached. Knowledge of living ani- 
mals is of great help at this time. 

A reconstruction is not made on 
the original skeleton. Instead, a 
framework of rods and wire is used 
to support clay or other modelling 
materials which can be carved to the 
desired shape. 

Scales, Hair, and Feathers. A ge- 
ologist can only guess at the cover- 
ing to put on many reconstructions. 
A few prints of feathers and scaly 
skin have been discovered. A little 
hair has been found in caves and 
frozen soil. Generally, a geologist 
must depend upon his knowledge of 
living animals when deciding wheth- 
er to give his model a bare skin or 








whether to cover it with hair, scales, 
or feathers. He chooses whatever 
colours seem reasonable. 

The restorations seen in museums 
are based partly on facts and partly 
on inferences. When looking at 
these restorations, we should keep 
in mind which portions are probably 
accurate and which portions may 
not be accurate. 
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Obtaining Skeletons. Skin a small 
animal, such as a cat, and remove 
the internal organs. Cook the ani- 
mal until the meat is soft (a pressure 
cooker speeds the process) and sep- 
arate the bones from the meat. Dig 
the brain from the skull with a stiff 
wire. Boil the bones once more, this 
time in strong soap, to remove the 
grease. 

If possible, obtain skeletons from 
several kinds of animals. It is well 
to mark the bones of each animal 
with coloured paint to help in sorting 
them if they become mixed acci- 
dentally. 


Assembling a Skeleton. It is help- 
ful to assemble a skeleton yourself 
to better understand how a geolo- 
gist works. First sort out the loose 
bones, putting similar bones to- 
gether. Then place the bones in 
what seems to be their proper posi- 
tions in the skeleton, fitting them as 
closely together as possible. How- 
ever, do not try to mount the skele- 
ton; lay the bones flat as shown be- 
low. If you cannot find places for 
some bones, place them at one side. 

. After you have assembled a skele- 
ton, notice how many loose bones 
you can identify. 
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Leg bone 


Inferences from Bones. Scars on 
bones show where muscles were at- 
tached. Generally, the larger the 
muscle, the larger the scar. Note 
the scars on the leg bone above. 
This animal had large calf muscles. 
What type of animal needs large calf 
muscles? What type does not need 
large calf muscles? 

Study the picture of the breast 
bone and compare this with your 
own breast bone. Large chest mus- 
cles were attached to both sides of 
the centre keel. What type. of ani- 
mal needs large chest muscles? 

The larger bones of many animals 
are hollow. What is the advantage 
of a hollow bone? What types of 
animals might need hollow bones? 

Most of the bones of the neck, 
back, and tail have spines and other 
projections. Muscles are attached 
to these projections. Two sets of 
tail bones are shown. Which be- 
longed to a strong, muscular tail? 
Which were part of a weak tail? 
How might an animal use a strong 
tailP What animals have need for 
such tails? 

Where are the eye sockets in the 
skull shown here? In what position 
would you expect this animal to hold 
its body most of the time? What 
are some animals commonly seen in 
this position? 
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Calf muscle scars 






Compare your inferences with 
those given later in this chapter. 

Make a study of bones of different 
animals. Note the size and arrange- 
ment of foot and leg bones, then 
make inferences about the habits of 
these animals. 


Tail bone 


Breast bone 








Early Amphibians. This skele- 
ton belonged to an amphibian which 
has been extinct for many mil- 
lions of years. Note the shape of 
the skull and the types of legs. 
What inferences can you make from 
these bones? 

Compare the ribs, backbone, and 
tail bones with those of a cat. What 
inferences can you make about the 
amphibian from bones? 


The photograph below shows a 
restoration based on one geologist’s 
inferences. What parts of the ani- 
mal are probably correct? What 
parts may be inaccurate? 

What inferences can you make 
about the habits of this ancient 
amphibian? Base your thinking on 
both the skeleton and on your 
knowledge of the habits of living 
amphibians. 
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The Earliest Known Bird. This 
fossil of a bird is the earliest one that 
is known to geologists. How do they 
know that this prehistoric animal 
was a bird? 

In what ways are the front legs 
of this fossil like the front legs 
(wings) of a living bird? In what 
ways are they different? Compare 
the tail of the fossil with that of a 
living bird. What inferences can 
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you make about the flying ability of 
this ancient bird? 

Note the teeth in the skull of this 
fossil. What living birds have 
teeth? 

The restoration shows an animal 
that looks more like a reptile with 
feathers than like a living bird. 
Geologists believe that this ancient 
bird was closely related to certain 
reptiles. 





Inferences from Teeth. Our own 
jaws contain four types of teeth: 
(1) cutting teeth (incisors), (2) tear- 
ing teeth (canines), (3) crushing 
teeth (bicuspids), and (4) grinding 
teeth (molars). These types are 
about equally developed. We could 
probably eat a mixed vegetable and 
meat diet if we were wild ani- 
mals. 


Which type of teeth in the skull 
at A are most highly developed? 
Which teeth are so small as to be 
almost useless? Describe the mo- 
lars. For what purpose might the 
molars be used? What inferences 
can you make about the food of this 
animal? 

The skull at B lacks one type of 
tooth. Which is lacking? Which 
type is very highly developed? 
How might this type of tooth be 
used? Describe the molars. What 
is the advantage of this type of mo- 
lar? What food does this animal 
probably eat? 

Study the skull below and the 
diagram of one of its molars. How 
might this animal use its front teeth? 
For what type of food are its molars 
well fitted? What inferences can 
you make about the food of this ani- 
mal? 

Inferences about food habits are 
not always dependable when based 
on teeth alone. Name some animals 
that have teeth fitted for eating 
meat but which eat as much plant 
material as meat. Can you name 
some animals with teeth fitted for 
eating plant material but which eat 
meat? 
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What type of food is probably 
eaten by the fish whose skull is 
shown‘here? How may the fish use 
these teeth? 

Compare the bills of the bird 
skulls shown here. What are some 


possible differences in the food of 
these birds? 


CHECKING INFERENCES 


Tracks as Clues: (1) The larger 
prints at the top of each group were 
made by the hind feet. The animal was 
hopping away from the _ observer. 
(2) The tracks in the snow were made 
by a walking bird. (3) The fossil tracks 
were made by a reptile that walked on 
two legs. 

Inferences from Incomplete Remains: 
(1) A giant animal lived in the re- 
gion where these bones were found. 
(2) This fossil shows that ferns lived at 
some time in the past. (3) Empty snail 
and clam shells were probably washed 
into a place where they were later cov- 
ered by sediments. (4 and 4a) The 
segmented bodies suggest that these 
animals were relatives of insects and 
crayfish. (5) These are fossil reptile 
eggs. Bones of unhatched dinosaurs 
have been found in some of them. 
(6) These look like worm burrows made 
in mud that became rock long ago. If 
they were made by worms, no trace of 
their soft bodies has been found. 
(7) Count the legs. It was probably a 
relative of the spiders. (8) The lower 
right specimen was a coral, a small 
animal that lives in colonies. (9) It is a 
starfish. They have been numerous for 
millions of years. (10) This specimen was 
once labelled as the skull of a man 
drowned in the Great Flood. Today, it 
is believed to have been the skull of a 
giant salamander. 
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Inferences from Bones: (1) Animals 
that walk and run need much larger 
calf muscles than do animals that swim. 
fly, or crawl. This is the leg bone of a 
dog. (2) Animals that fly need strong 
chest muscles but this is the breastbone 
of a chicken which does not fly well. In- 
ferences can be wrong. (3) The right 
set of tail bones belonged to an alligator 
which used its tail for swimming. The 
set of bones at left belonged to a cat. 
(4) The eyes of this animal were at the 
top of its head. Probably it kept its 
head low and its body in a crouching 
or crawling position. It is the skull 
of a frog. 








Habits of Dinosaurs. This resto- 
ration suggests that different dino- 
saurs had different feeding habits. 
The skulls shown here provide the 
evidence for this inference. 

Study the skulls. What type of 
food do you think each animal ate? 
Why do you think so? Explain why 
your inference might be wrong. 

Note the position of the dinosaurs 
in the restoration. Why is it un- 
likely that the skeletons were in this 
position when found? What type of 
evidence may have suggested that 
the animals stood differently? 

The large dinosaur in the fore- 
ground, called Tyrannosaurus rex, is 
shaped somewhat like a kangaroo. 
Why do you suppose it is shown run- 
ning rather than hopping? Note the 
way this dinosaur holds its tail. Ex- 
plain this position in terms of a dino- 
saur’s centre of weight and its bal- 
ance. 
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Restorations of Plants. This res- 
toration shows the type of forest that 
produced the great beds of coal in 
Pennsylvania. Fossils like those 
seen here show that the forest was 
made up of giant ferns together with 
certain of their relatives, such as 
club mosses and horsetails. 

At a later time, the giant ferns 
seem to have been crowded out by 
cone-bearing trees and by trees look- 
ing like present-day palm trees. 
Much later, flowering trees became 
plentiful, such as maples, elms, and 
oaks. 

Study the restorations throughout 
this chapter. Which shows plants 
like those above? Which shows 
more modern looking trees? Which 
scene represents an older period in 
the earth’s history? 

What inferences can be made from 
the restoration shown on the op- 
posite page? 
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Experimental Research 


Reconstruct the skeleton of some animal, 
such as a rabbit. Thread the backbone on 
a heavy wire and bend it to the proper 
curves. Drill tiny holes at the joints and 
fasten the bones together with fine wire. 
Drill the toes lengthwise and thread them on 
stiff wire. Attach the ribs with quick-setting 
cement. 


. Make a collection of fossils. Prepare a label 


for each, giving the name of the group to 
which it belongs, where it was found, and 
any inferences you can make from the speci- 
men or rock in which it was found. 


. Collect reconstruction pictures of ancient life 


and use them for a bulletin board exhibit. 


. Dissect the leg of a chicken or rabbit and 


locate the muscles, tendons, and ligaments. 
Find the scars showing where these were at- 
tached to the bones. 


. Collect ferns, club mosses, and horsetails like 


those shown here. Use them to construct a 
miniature coal-age forest scene. Do not add 
models of animals unless you are sure that 
they lived in this type of forest. 


. Read about the fossil evidence upon which 


restorations of early man are based. De- 
scribe this evidence to your class and explain 
the inferences that have been made from it. 


. Prepare _an exhibit showing different ways 


plants and animals have been fossilized. 
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Other Investigations and Projects 


1. Prepare a diorama showing a reconstruction 


of ancient life in miniature. Use a cardboard 
box open at the front for the case. Paint a 
background on a strip of cardboard which 
curves across the back. Make vegetation 
from sticks, wire, and coloured crepe paper. 
Construct model animals from clay. In one 
diorama, show only species that lived at the 
same time. 


2. Make a restoration of one of the fossils you 


have collected, using clay, paper, and other 
materials as needed. 


3. Read about the different kinds of fossil horses 





that have been found and write a report on 
them, illustrating the report with pictures, 
diagrams, and maps. 


4. Read about the famous Rancho La Brea tar 


pits in Los Angeles. Report to your class on 
the r many types of animals that were trapped 
in the tar. 


5. Take a trip to a museum to see fossils and re- 


“constructions of ancient life exhibited there. 
Report on your visit. 


6. Study the fossils and rocks of your region and 


make inferences about conditions that existed 
during the periods of time represented. 


7. Prepare a chart listing the major periods of 


geological history. Paste on this chart pic- 
tures of the common types of organisms 


which lived during each of the periods. 
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Review Questions 


To what group of animals does each of the 
lettered models in this restoration belong? 
Which of the groups represented became ex- 
tinct without leaving any present day de- 
scendents? 

How does the animal at A get its food? 
How does the animal at B get its food? 
What are some living relatives of the animal 
at DP 

How can a brachiopod shell be told from a 
pelecypod shell? 

What are the objects shown at the left? 
What are four ways that plant and animal 
remains can be preserved as fossils? 


. What inferences can a geologist make from 


the teeth of a fossil? 


. How does a geologist decide upon the type 


of covering to use for a model of an animal 
for which only the skeleton is known? 





Thought Questions 


Why is a fossil found in a low layer of sedi- 
mentary rocks considered to be older than 
a fossil in a higher layer? 

Why do geologists show plants in restorations 
as being green? 

What inferences can you make about this fox- 
sized skeleton? 
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Record of the Rocks 


Our present knowledge of the history of the earth is based chiefly upon 
a study of the rocks that are found at the earth’s surface. Unfortunately, 
many of these rocks are so twisted and crumpled that their stories are 
not clear. Other rocks have eroded away and their stories are lost for- 
ever. In addition, there were probably long periods when no rocks were 
formed. Therefore, present ideas about the earth’s history include many 
a speculatic io s ay the meanings of the relatively : few facts that have been 

e eologi n the general attern of histori 
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INFORMATION FROM ROCK LAYERS 


Sedimentary rocks have provided most of our present knowledge 
about the geologic past. The types of sediments making up the rocks, 
together with the way they were deposited, tell us something about con- 


ditions at the time of deposition. 


If there are fossils, these provide 


clues as to the types of life, and the climate during the period when the 


sediments were being laid down. 


Tracing Sedimentary Beds. Mix 
dry plaster of Paris with dry poster 
paint or coloured chalk ground into 
a powder. Spread a thin layer of 
the mixture in a cigar box or other 
mould. Add a second layer of white 
plaster, then a layer of coloured plas- 
ter again. Continue until there are 
four or five layers of alternating col- 
ours in the mould. Dampen the 
plaster thoroughly. After it has set, 
remove the mould. 

Imagine that this block of plaster 
represents sediments that were de- 
posited in a delta beneath thousands 
of feet of other sediments. Because 
of the great weight, the sediments 
were squeezed together and ce- 
mented. Later, the delta was raised 


above sea level and the upper layers 
were eroded away. 

‘Pretend that streams are flowing 
across the block. Use a knife to cut 
the channels that such streams might 
dig into the rock layers. 

Trace some of the beds along the 
stream channels. If these were real 
rocks, how might you know that you 
were tracing the same bed at all 
times? Why might some beds be 
more difficult to trace than others? 

Geologists often claim that cer- 
tain beds are buried beneath the 
surface even though the rocks can- 
not be seen. What is the basis for 
such claims? What assumptions 
have the geologists made? Why 
might their assumptions be wrong? 
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Comparing Ages of Rocks. Which 
beds in this cliff were probably de- 
posited first? Which bed is oldest? 
Explain your answers. 

Fossils found above the line on 
the photograph are different from 


those found below the line.  Trilo- 
bites like those at A are found in 
the upper beds; trilobites like those 
at B are found below the line. 
Which type of trilobite seems to 
have lived earlier in history? 

Suppose that a layer of rocks sev- 
eral miles away contains trilobites 
like those at A. What infererices 
might you make about the age of 
this layer? 

Geologists believe that dinosaurs 
lived long before elephants and that 
the first birds appeared about the 
time that the dinosaurs appeared. 
What evidence might provide the 
basis for these beliefs? 

Rock Series. Study the photo- 
graph of the Grand Canyon on the 
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first page of this chapter. Which 
layers are probably youngest? 
Which layers are probably oldest? 
How do you know that conditions 
changed while these rocks were be- 
ing deposited? 

How can layers in the canyon 
walls be used to compare the ages 
of fossils found miles apart? How 
can fossils be used to compare the 
ages of rocks found miles apart? 

The lowest rocks in the Grand 
Canyon contain no fossils. The next 
higher group of beds contain fossils 
of ancient sea animals. What in- 
ferences can you make from this? 

The highest beds shown here con- 
tain fossils of sea animals that are 
different from those found below. 
What inferences can you make? 

About 200 miles from the Grand 
Canyon are higher layers of rock. 
These contain fossils of large rep- 
tiles that probably lived on land. 


What inferences can you make? 
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GEOLOGIC TIME 


Geologic time must be very long, as we can imagine after noticing 
the slowness with which sediments are deposited in the Mississippi 
Delta. If sediments making up the Grand Canyon beds were deposited 
at the same rate, these beds represent an enormous amount of time. It. 
is easy to see why geologists think in terms of millions of years. 
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Land Life 






Mammals 






My hye 
ee Conifers 


Reptiles 


WK Amphibians 


Geologists have 


Geologic Eras. 
divided geological time into eras. 
These eras are not of equal length 
because geologists must depend 
upon certain world-wide events, such 
as mountain building, to separate 


the eras. The older eras are gen- 
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Flowering plants 








Events in North America 


Widespread glaciation , 


Much volcanic activity in west - 
Rocks of Cascade region folded 
Rocky Mountain region uplifted 


Rocks of Rocky Mountain region folded 
with volcanic activity 
Appalachian region uplifted 


Central part of North America uplifted 
Central part of North America submerged 
Uplift in West 


Dry land deposits in central part 
of North America 


West coast submerged 
Volcanic activity in East and West 


Gradual lift: rocks of 
Appalachian region folded 
Some glaciation 


Central part of North America submerged: 
coal beds formed on deltas 


General uplift 
Western North America submerged 
General uplift: Continent dry 


Resubmergence 


Salt beds deposited 
in New York, Ohio and Michigan 


Partial uplift 


Much of North America submerged 


erally longer because evidence of 
early events is less well preserved 
than recent changes. Perhaps the 
eras of geological time can someday 
be made more nearly equal as more 
data is collected regarding the his- 
tory of the earth. 


The chart on the preceding pages 
shows the three more recent eras. 
What events were used to separate 
the eras? What is the estimated 
length of each era in years? 

In what era did the first birds 
appear? When was there the great- 
est variety of reptiles? In which 
era did animals with backbones first 
appear? In which era did trees ap- 
pear? Which lived first, land ani- 
mals or sea animals? When did 
trilobites live? Which era contained 
the greatest variety of mammals? 
When did man appear? 

Dating by Erosion. Geologic time 
is sometimes estimated by the rate of 
erosion. Niagara Falls has retreated 
upstream about 800 feet in 200 
years. The gorge below the falls 
is 7 miles long. Estimate the time 
the river has been flowing in this 
channel. What assumptions have 
you made? What changes in con- 
ditions might affect your estimate? 

It has been estimated that, over 
the continent as a whole, erosion re- 
moves one foot of rock in 4,000 
years. Use this figure to estimate 
the age of the Grand Canyon (6,000 
feet deep). What conditions might 
make the estimate too large? What 
conditions might make it too small? 

Dating by Deposition. Nine feet 
of sediments were deposited around 
monuments on the Nile Delta in 
3,000 years. The delta is at least 
3,000 feet thick. Estimate the age 
of the delta. What conditions might 
affect your estimate? 

In Wyoming, a bed of shales 2,600 
feet thick shows about 6,500,000 lay- 
ers. If these are yearly layers, how 


long a time was needed to deposit 
one foot of this shale? 

Geologists estimate that, on the 
average, 4,000 years are needed to 
deposit one foot of sandstone or 
shale, and 10,000 years for one foot 
of limestone. How can these fig- 
ures be used to estimate the length 
of geologic eras? 

Radioactive Dating. Scrape paint 
from a clock dial marked with phos- 
phorescent paint. Examine the 
paint in darkness with a microscope. 

The paint contains a radioactive 
substance, such as radium. Atoms of 
this substance break up, giving off 
energy that makes fluorescent mate- 
rials in the paint glow. Each flicker 
seen represents the break-up of an 
atom. 

About half of this radium breaks 
up in 1,600 years, changing toa form 
of lead. Half of the remaining ra- 
dium becomes lead in another 1,600 
years, and so on. Radium has a 
half-life of 1,600 years. 

Suppose that a scientist someday 
finds a fossil clock. How old is the 
clock if its paint contains one part 
of lead for each part of radium? 

Geologists use elements with 
longer half-lives for dating rocks by 
the same method. Uranium has a 
half-life of about 4.5 billion years, 
changing to a form of lead. One 
type of radioactive potassium has a 
half-life of about 1.3 billion years, 
producing argon as it breaks up. 
The oldest rock thus far dated has 
an age of about 2.6 billion years. 

Discuss some of the advantages of 
radioactive dating over the other 
methods described on this page. 
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ANCIENT SHORELINES AND DELTAS 


Note the tracks and the impressions of raindrops on this slab of sandy 
shale. Where might these sediments have been deposited? What in- 
ferences can you make about nearby streams and other conditions? 
Discuss the possible source of the sediments. 

What happened to the water level after the sediments were depos- 
ited? What might have caused the change in water level? 

What inferences can you make from the tracks? Which animal seems 
to have walked by first? What inferences can you make about the cli- 
mate at the time the sediments were deposited? 


Mud Cracks. Mud exposed to air 
loses water, shrinks, and develops 
cracks. Sedimentary rocks some- 
times show similar cracks. What 
conditions can be inferred from 


rocks containing such cracks? 
Make a mixture of mud and water 
about an inch deep in a pan. Set 





Cracks in mud 
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it aside to dry. Note the time need- 
ed for cracks to develop. Might 
mud cracks in a sedimentary rock 
have been formed in a period be- 
tween high and low tides? If not, 
what time interval might they repre- 
sent and what conditions might have 
been responsible for them? 





PAE 


Fossil mud cracks 


Fossil Coral Reefs. In what parts 
of the world are coral reefs being 
formed today? What is the usual 
temperature of the water in these 
places? 

What inference can you make 
about the depth of the water over 
the reef shown above? Do you 
think that rivers are depositing sedi- 
ments near this reef? Explain your 
answer. What types of sediments 





would you expect to find around the 
base of this reef? 

The picture below shows an an- 
cient coral reef in limestone. No- 
tice that the reef has been buried 
deeply by lime mud which turned to 
rock and was later exposed by ero- 
sion. What inferences can you 
make about the climatic conditions 
during the time the reef was being 
formed? 
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Dry Land Deposits. Many sedi- 
mentary rocks are dark coloured be- 
cause of carbon from decaying or- 
ganisms. It is believed that such 
rocks were deposited in deep water 
or in other situations where oxygen 
could not reach the carbon and oxi- 
dize it. 

Sediments deposited above the 
water level might have lost their 
dark colour because oxygen was able 
to unite with any carbon in them. 
They might have become red at the 
same time iron compounds oxidized 
to form hematite. 

Not all red rocks represent dry 
land deposits. Some dark rocks be- 
come red on the outside, where they 
are exposed to oxygen. Other red 
rocks may have been formed from 
red sediments. However, most red 
rocks were once open-air deposits. 
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How can fossils aid a geologist 
in deciding whether a red rock 
was deposited beneath the sea or 
above it? 

Salt Deposits. The Great Salt 
Lake in Utah is one place where 
table salt (halite) is being depos- 
ited. Where are some other similar 
places? What is the climate in such 
places? What other conditions are 
necessary for the minerals in water 
to be deposited? 

Dissolve as much table salt as pos- 
sible in a gallon of water. Stir in 
several cupfuls of mud. Pour the 
mixture into a tray and let it stand 
while the water evaporates. De- 
scribe the deposits that are formed 
in the tray. 

What conditions can be inferred 
from deposits of halite found be- 
tween layers of shale? 


Ripple Marks. Ripple marks are 
produced in sand or mud as cur- 
rents of water move the sediments. 
The direction of movement can 
often be inferred from the shape of 
the ripple marks. 

Waves in shallow water also pro- 
duce ripple marks but of a different 
shape. Study the diagram. De- 
scribe the difference in the shape of 
the two types. Explain how the di- 
rection of a current can be inferred 
from a set of ripple marks. 





show 


The photographs 


ripple 


marks that have been preserved in 


sedimentary rocks. Which were 
formed by waves? Which were 
formed by a current? What infer- 
ences can you make about condi- 
tions at the time the rocks were de- 
posited? 

Steady winds also produce ripples 
in sand. What shape should these 
ripples have? How might you tell 
whether ripple marks in sandstone 
were formed by wind or by water? 
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Land surface undergoing erosion 


Gravel 


Sand Clay and mud 


Locating Ancient Deltas. Ma- 
terials that erode from mountains 
are carried elsewhere and deposited. 
Some may be dropped near the foot- 
hills as alluvial fans; some deposited 
at the mouths of rivers as deltas. 

What is the size of the particles 
usually dropped nearest the shore- 
line? What size is dropped next? 
What size is carried farthest from 
land? Into what types of rock may 


Sea bottom 





Lime mud and coral 


these three types of sediments be 
changed? 

The photographs show two expo- 
sures of sedimentary rocks. Where 
might these rocks have been depos- 
ited? Suppose that the pictures 
were taken a few miles apart. 
Which rocks might have been closer 
to an ancient shoreline? Which 
might have been in the centre of an 
ancient delta? 
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Geologic Maps. Geologists have 
prepared maps showing possible lo- 
cations of seas and coastlines during 
the earth’s history. Four maps for 
the Palaeozoic era are shown here. 


CDEVONIAN 








Using these maps, describe in a 
general way what happened to 
North America during the Palaeo- 
zoic era. What happened to your 
region during this era? 
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Two maps for the Mesozoic era 
are shown here. Which parts of 
North America were beneath sea 
level during this era? What hap- 
pened to your region? 

During the Cenozoic era the shore- 
lines were much as they are now. 

Notice the map on which geolo- 
gists have drawn the Catskill Delta. 
Where did the material for this delta 
come from? Are there any high 
mountains in this region today? 
What may have happened to the 
mountains? 

At what period in the earth’s his- 
tory were the Appalachian Moun- 
tains formed? These mountains are 
not very high or rugged today. What 
might have happened to them? 

Salt deposits of the middle Palae- 
ozoic era are found in southwestern 
Ontario. What have geologists 


Colour key to the maps on these pages: Gray, deep seas; 
White, shallow seas; Green, land; Yellow, deltas. 
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shown in that region on the middle 
Palaeozoic map? Why? 

Notice that there are no high 
mountains shown for western North 
America during the Palaeozoic and 


Mesozoic eras. It is believed that 
the Rocky Mountains were folded 
and pushed upward near the end of 
the Mesozoic era and again in the 
Cenozoic era. The Cascades seem 
to have been formed late in the Cen- 
ozoic era. Explain why these west- 
ern mountains are more rugged than 
the eastern mountains. 

Why would you expect most fos- 
sils of eastern North America to be 
of Palaeozoic age? Where might 
you expect to find fossils of land ani- 
mals and plants of late Palaeozoic 
age? Where might you expect to 
find fossils of land plants and ani- 
mals of Mesozoic age? 





ROCK MOVEMENTS 


The notion of a solid earth has no place in geology. Marine fossils 
on high mountains provide evidence that great sections of the conti- 
nents have moved upward. Folded and twisted rocks like those in the 
photograph are evidence of powerful forces acting upon rock masses, 
changing their shape and position. 

Several theories have been proposed to explain the causes for rock 
movements, but direct proof of these theories has not been obtained. 
Much more must be learned about the interior of the earth before com- 
plete explanations are possible. 


Moveable board Producing Folds. Cut a small 

board to fit loosely in one end of a 
Case cigar box. .Spread layers of white 

and coloured plaster in the box as 
described earlier in this chapter. 
Moisten the plaster but do not make 
it fluid. Force the board along the 
mould until the top of the plaster 
bulges about an inch. Let the plas- 
ter harden and remove it from the 
mould. 
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Anticline 


Synclines and Anticlines. Some 
folds produced in rocks arch up- 
ward; these are called anticlines. 
Some folds curve downward; these 
are called synclines. 

Examine the folds produced in 
your plaster model. Find an anti- 
cline and label it. Find a syncline 
and label it. 

Study the folded rocks shown on 
the opposite page. Which type of 
fold is shown? 


Metamorphism. Make another 


plaster model, squeezing the layers 
until they fold into tight curves. 
Sometimes you can produce both 
Do any 


anticlines and synclines. 


of the folds tip over? Do any of the 
layers break? 

Great forces are needed to bend 
rocks into folds like those shown by 
the model. Geologists believe that 
such great forces heat the rocks, 
often softening them slightly. Some 
of the minerals may change chem- 
ically, often uniting with nearby 
minerals to produce entirely new 
compounds, usually in crystal form. 

Thus, greatly folded rocks are 
usually metamorphic rocks. Shale 
may be changed to slate or even to 
schist. Into what does limestone 
change? What are some other types 
of metamorphic rocks? 
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Mountain Ranges. The great 
mountain ranges of the world, such 
as the Rocky Mountains, show evi- 
dence of folding. We rarely see the 
tops of the original folds; erosion has 
usually removed the upper levels. 
Nevertheless, there seems little 
doubt that great sideward forces 
play an important part in the forma- 
tion of all great ranges. 

Study the photograph. What 
type of fold is shown? Trace the 
layers on thin paper placed over the 
picture. Then draw dotted lines to 
show the possible position of the 


River delta 


Sediment 








complete beds before erosion re- 
moved the upper portions. 

Geosynclines. Some ancient delta 
deposits are thousands of feet thick, 
but fossils in them indicate that even 
the bottom layers were never very 
far below sea level. Geologists have 
suggested that the great weight of 
a delta may push portions of a con- 
tinent downward as fast as sediments 
are deposited. 

_The diagram shows how a syn- 
cline might form beneath a delta as 
sediments are added. This type of 
very large syncline is called a geo- 
syncline. 

It is believed that geosynclines 
formed under many of the seas on 
the North American continent dur- 
ing the Palaeozoic and Mesozoic 
eras. Locate some of these possible 
geosynclines on the maps shown 
earlier in this chapter. Note that 
there are mountains in some of the 
same regions today. The reason why 
mountains often form where there 
were once geosynclines remains one 
of the great mysteries of geology. 
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Unconformities. Make a model of 
folded beds as described earlier. 
Before the plaster is completely 
hard, remove it from the mould and 
cut off the tops of the folds with a 
knife. The model now looks as 
though erosion had removed the up- 
per portions. 

Put the model back into the mould 
and add more layers of plaster. 
Moisten the plaster, let it set, and 
then remove it from the mould. 
Compare the model with this photo- 
graph. 

Geologists explain the photograph 
much as you might explain the 
model. How did the beds probably 
appear when first deposited? What 
happened to them before erosion 
took place? What did erosion do to 
the beds? What must have hap- 
pened to the region before the top 
beds were formed? 

The break between two sets of 
beds is called an unconformity. An 
unconformity shows that there was 
a period when no sediments were 
being deposited. It represents a 
break in the geological record. 

Dating Earth Movements. Fossils 
in the lower beds of the photograph 






layers of 
plaster 


Upper layers 
eroded 


Deposition 
produces unconformity 


are of late Mesozoic age. Fossils 
in the upper reddish-brown beds are 
of late Cenozoic age. What in- 


ferences can you make about earth 
movements of the region shown 
here? When did these movements 
take place? Explain your answers. 
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Faults. Sometimes, during the 
making of folds in moist plaster, the 
layers break and slide past each 
other. Geologists call a similar 
break in rock layers a fault. 

Fill a cigar box mould with layers 
of coloured plaster. When the block 
is hard, remove it from the mould 
and saw it into two parts along a 
sloping line as shown above. Press 
against the ends of the two parts 
until one part slips over the other. 
The movement of a block may be up 
or down. Movement may also be 
sideward if the force is sideward. 


aa aa 


Movement 


Upward and Sideward Movement 





The photograph shows a fault in 
bedded rock. Try to match up the 
beds on either side of the fault. 
Which side is higher when com- 
pared with its position before the 


fault occurred? Can you tell which 
of the two blocks moved? Explain 
your answer. 

Compare the fault in this photo- 
graph with the fault in your model. 
In- what ways are they alike? In 
what ways are they different? 

Has erosion taken place since the 
fault was produced? How do you 
know? 


Movement ——___» 
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Earthquakes. The photograph 
above shows a fault that appeared 
suddenly in Nevada in 1954. At the 
same time, there was a violent earth- 
quake. 

The movement of rocks along a 
fault is believed to be the cause of 
many earthquakes. The rocks slip, 
catch, and slip again, possibly bend- 
ing and springing back at times. 
These motions set up vibrations 
that spread outward from the fault 
line. The larger vibrations are 
called earthquakes; the smaller ones 
may go unnoticed. 

Most movements along a fault are 
believed to be small, measuring a 
few inches or less. Some large 
movements have been measured. 
An earthquake in Alaska in 1899 was 
produced by an upward slip of over 
40 feet. The San Francisco earth- 
quake of 1906 was caused by a side- 
ward slip of about 21 feet. The 
1964 earthquake in Alaska was 
caused by a sideward slip of about 
35 feet. 
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Slickensides. Rocks along a fault 
are sometimes polished as smooth as 
glass by the friction caused when 
the two blocks rub against each 
other. The polished surfaces are 
called slickensides. 

Slickensides are one clue to the 
presence of a fault. Note the slick- 
ensides in the photograph below. 
What was the direction of the rock 
motion? 








VOLCANIC ACTION 


Pressures within the earth force molten rock and hot gases up 
through weak places in the earth’s surface and produce eruptions. The 
small cones shown in the photograph are three of many small volcanoes 
along a 30-mile line in Idaho, At some time in the past, there must 
have been a weak place along this line. Such lines of weakness have 
been and still are common along the western side of the Americas. 
The Hawaiian Islands are volcanic peaks along another line of weak- 
ness. 


Activity of Volcanoes. Some vol- 
canoes have erupted only once; 
probably lava cooled in the opening 
and plugged them too solidly to be 
reopened. Other volcanoes have re- 
mained active for thousands of 
years; the lava in the craters remains 
liquid or is forced out before becom- 
ing completely solid. 

Sometimes the openings have 
been tightly plugged, but later the 
pressures have blown out the plugs. 
Such eruptions may be violent; in a 
few cases the entire cone has been 
blasted apart. 
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Molten lava 





Solid lava 


Ash 





Shapes of Volcanoes. Some vol- 
canoes produce only lava which 
flows quietly from the craters. 
Many volcanoes also produce steam 
and other gases which burst up 
through lava in the crater and spat- 
ter molten rock outward. Violent 
eruptions may blast cold lava into 
a powder called ash. Violent erup- 
tions are often followed by spatter- 
ing and quiet flows of lava. 


Fluid lava volcano 





What slope (angle of rest) might 
be built up by ash and other frag- 
ments produced by _ explosions? 
What slope might be built up by 
fluid lava? What slope might be 
built up by spattered lava? 

Compare the shapes of the vol- 
canoes shown on these two pages. 
Try to explain the differences in 
shape. Tell the story of the vol- 
cano in the diagram. 
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Periods of Volcanic Activity. The 
age of eruptions can sometimes be 
determined by fossils in sedimen- 
tary rocks above and below the vol- 
canic deposits. Such evidence 
shows that there has been more ac- 
tivity at certain times than at oth- 
ers. In western North America, vol- 
canoes have been especially active 
at the end of the Palaeozoic era, dur- 
ing the middle and end of the Meso- 
zoic era, and through the last of the 
Cenozoic era almost to the present. 

Large areas in the western states 
are covered with lava flows and ash 
deposits that look very fresh. How- 


ever, only Mt. Katmai in Alaska and 
Mt. Lassen in California have erupt- 
ed during recent times. 

Volcanic activity sometimes went 
on for a long period over a large 
area. Below is a diagram of a cliff 
in Yellowstone Park. Volcanic ma- 
terials making up this cliff buried 
a series of forests, one on top of an- 
other. The trunks of many of the 
trees were later petrified as shown 
in the photograph. How many for- 
ests were buried? Estimate the age 
of the trees. Estimate the time dur- 
ing which the volcanic activity con- 
tinued. 
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GLACIATION 


The climate on many mountaintops is so cold that more snow falls 
during the winter months than melts during the short summer. The 
snow piles up deeper and deeper, and the bottom layers are compressed 
into ice. This ice may then be squeezed downward along the mountain 
slopes in slow moving streams called glaciers. The photograph above 
shows some of the 20 or so glaciers on Mt. Rainier in Washington. How 
many do you see? 


Glacial Erosion. The slow but 
powerful movement of ice down a 
mountainside produces erosion that 
can be identified long after the ice 
has melted away. Loose rocks be- 
come frozen in the ice and are 
dragged along the bedrock, some- 
times polishing it and sometimes 
scratching it. The loose rocks are 
themselves worn and frequently they 
are scratched. 

Loose rocks are deposited at the 
end of a glacier where the ice melts. 
Some of these rocks are shown at the 


right. Explain their shapes. 
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Glacial Cirques. Water from a 
glacier may flow into cracks in the 
bedrock and freeze. Then pieces 
of the rock may be pulled from the 
mountainside as the glacier moves. 
This type of erosion produces a 
curved, steeped-walled excavation 
in a mountainside at the head of a 
glacier. Such an excavation is called 
a glacial cirque because it resembles 
a type of outdoor theatre that Ro- 
mans once called a “circus.” 

The photograph above shows a 
cirque formed by a glacier that used 
to be larger than it is now. How 
would you recognize a cirque in a 
mountain that no longer has a gla- 
cier? What inference could you 
make from the cirque? 





Glacial Troughs. A glacier erodes 
the sides of a valley as well as the 
bottom. Thus, the valley is given 
a rounded bottom and its cross sec- 
tion has the shape of the letter U. 
What is the shape of the cross sec- 
tion of a valley which has been 
eroded by a swift stream? 

Study the photograph of Yosemite 
Valley. Why do geologists believe 
that a glacier moved through this 
valley? What evidence is there that 
ice did not cover the mountains on 
either side of the valley? 

A valley through which a glacier 
has passed is called a glacial trough. 
What inferences can be made from 
the discovery of a glacial trough in 
a region that has no glaciers? 
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Glacial Deposits. Rock materials 
carried by a glacier are dropped as 
the ice melts, usually forming piles 
of unsorted material of many sizes, 
shapes, and kinds. The rocks may 
be scratched or worn flat as de- 
scribed earlier. Some rocks, called 
erratics, may be unlike the local 
bedrock because the glacier picked 
them up in other regions. 

Piles of sorted sediments, called 
kames, were deposited in ponds on 
top of the ice which later melted. 
Winding ridges of sorted sediments, 
called eskers, were deposited in 
stream tunnels under the ice. 

Blocks of ice buried in glacial de- 
posits leave pits after the ice melts. 
Such pits are called kettles. If filled 
with water, the pits are called kettle 
ponds. 
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Water from a melting glacier car- 
ries some of the rock materials down- 
stream and deposits them wherever 
the current decreases. The deposits 
are called outwash. 

The photograph shows the end of 
a glacier. Why does the ice appear 
dark? The glacier recently melted 
back across the bedrock at 4. Ex- 
plain the markings on the bedrock. 
Explain the pools of water on the 
bedrock at 5. 

The deposit at J is an esker. Ex- 
plain how it was formed. Find an- 
other esker. How was the deposit 
at 2 formed? What is this deposit 
called? Why might rocks in this de- 
posit be rounded? 

Try to explain the deposits -at 3. 
Discuss other features shown in the 


photograph, 


One-inch steel pipe 


Hard wood 
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Ice Flow. Geologists do not know 
for certain how ice deep within a 
glacier is able to flow. Some sug- 
gest that ice is plastic and can flow 
if a great force acts on it for a long 
time. Others suggest that high pres- 








Ys inch hole 


Hard wood 
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sure warms the ice slightly; the ice 
melts, flows to a region of less pres- 
sure, and refreezes. 

Ice flow can be demonstrated 
even if it is not understood. Bore a 
%-inch hole at the midpoint of a 
four-inch length of steel pipe. 
Whittle two pistons from hardwood 
(such as a broom handle) and sand- 
paper them to make an almost exact 
fit in the pipe. 

Pack the pipe with crushed ice, 
put the pistons in place, and squeeze 
them with a vise. At first, the pis- 
tons will do little more than squeeze 
air from the crushed ice, but by add- 
ing more ice a solid mass will finally 
be formed. Then more pressure will 
squeeze the ice out through the 
hole. 

Tracking Glaciers. Glacial cirques 
show where some glaciers started. 
What does a glacial trough show? 
How might you determine the area 
once covered by a glacier? 

Glaciers sometimes push underly- 
ing loose materials into long, cigar- 
shaped ridges called drumiins. 
How might the direction of glacial 
movement be inferred from these 
drumlins? 

How might erratics be used to 
trace the movements of a glacier? 
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Direction of ice movement can 
sometimes be inferred from 
scratches in bedrock. How might 
the point of a sharp rock change as 
it is dragged across bedrock? What 
would be the effect on the shape of 
the scratch? How can the changes 
in a scratch be used to determine 
the movement of the ice? 

Two sets of scratches in different 
directions may show that two gla- 
ciers crossed the region. How can 
a geologist decide which scratches 
were made by the earlier glacier and 
which by the later glacier? 

End Moraines. The picture below 
shows the deposit at the end of a 
glacier. Discuss the effects of 


changes in the rates of melting and 
ice movement. What would hap- 
pen to the deposit if the ice were to 
begin moving forward much faster 
than it melted back? What would 
happen to the deposit if the ice 
melted back faster than it moved 
forward? Describe the shape of the 
deposit in the picture if the glacier 
were to melt away suddenly. 

The type of deposit shown in the 
picture is called a moraine. The 
deposit left at a glacier’s farthest 
advance is called an end moraine. 
Other moraines may be left during 
a glaciers retreat if its forward 
movement equals its melting rate 
for a few years. 
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The Great Ice Age. Nearly all of 
Canada and Alaska together with a 
few northern states show many 
signs of recent glaciation. The high 
mountains of the West contained 
more and larger glaciers than can 
be found there today, 

Geologists infer from this evi- 
dence that the earth has recently 
passed through a cold period that 
produced enormous piles of snow in 
certain parts of Canada. This snow 
changed to ice and flowed outward 
as a huge glacier or ice sheet. 

Radioactive dating of plant re- 
mains suggests that the cold period 
began about one million years ago. 
The last of the ice sheet melted 
from North America about 10,000 
years ago, but glaciers still remain 
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in the western mountains. Green- 
land is still covered with an ice 
sheet. The end of the cold period 
may not yet be over. 

The map shows the location of the 
end moraines when the ice sheet 
had made its greatest advance. The 
map also shows the location of the 
four ice caps (piles of snow and ice) 
from which the ice sheet is believed 
to have flowed. How could 
scratches in bedrock be used to lo- 
cate these ice caps? 

Geologists have found four differ- 
ent sets of glacial deposits separated 
by layers containing fossils of plants 
and animals. Therefore, they be- 
lieve that there were four separate 
cold periods, each producing an ice 
sheet. 





Investigations and Projects 


1. Visit.a cliff of sedimentary rocks. Study the 
types of sediments and the way they were 
deposited. Collect fossils and other indica- 
tions of past events. Develop inferences 
about conditions in the region at the time the 
sediments were being deposited. 

Collect pictures of different kinds of volca- 

noes or other structures and exhibit them on 

a bulletin board. 

3. Investigate the geological history of your re- 
gion, using information published by national 
or provincial geological commissions, local 
colleges or universities, and local museums. 
Prepare a report summarizing the history. 

4. Cast two blocks of plaster about an inch POS ees 
thick. Let one block represent bedrock. —_ 
Break up the other block and let the pieces 
represent loose rocks being dragged over the 
bedrock by a glacier. Study the changes in 
the scratches in the bedrock and the changes 
in the shapes of the small pieces. 

5. Trace a bed of easily identified rock from 
valley to valley around your community. On 
a local map mark the exposures of the bed 
with coloured ink. Indicate with dotted 
lines the probable location of the bed under 
other rocks. 

6. Show how a glacial kettle may have formed 
in a moraine by burying chunks of ice in a 
tray of sand and watching the changes as the 
ice melts. Then pour water into the tray to 
show how the kettles may become kettle 
ponds. 

7. Make charts to show how different kinds of 
volcanoes are formed. 
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8. Use a geology book to find out about the dif- 

ferent kinds of geologic faults and make 

i plaster models of the common types. 

/ ces 9. Prepare a report on the history of geology 
out and the ways that men like James Hutton 
changed our ideas about the earth. 

10. Visit a museum and study the exhibits deal- 
ing with historical geology. 

11. Study the pictures of different kinds of folds 
described in geology books and make models 
of these folds. 

12. Collect and display glacial erratics, labelling 
each as to the kind of rock. Display samples 
of the local bedrock also. 

Normal fault 13. Procure bulletins describing the geological 
history of some national park. Summarize 
this history for your classmates, illustrating 
your talk with pictures or slides. 

14. From a book on historical geology, copy a 
series of maps of ancient seas and shorelines 
to show changes in North America during the 
past three eras. 

15. Make a geological time chart on a sheet of 
wrapping paper at least 14 feet long, and 

Thrust fault longer if there is space to hang it. Divide 

the chart into eras and divide the eras into 

periods, all according to scale. Make draw- 
ings of the typical plants and animals living 
in each-period. 












Review Questions 





1. What are the names of the last three geologi- 
cal eras? 
2. What causes most earthquakes? 
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10. 
1a 


12. 


13. 
14. 


i 
2. 


Under what conditions were the beds at A 
probably deposited? 

Which of the beds at A are probably the old- 
est? 


. What changes in conditions seem to have 


taken place as the beds at A were being de- 
posited? 

What processes gave the rocks at B their 
shapes and markings? 


. What can be inferred if rocks like those at B 


are found in a bank of loose rock materials? 


. What is the name of the rock structure shown 


at CP 


. Why are rocks in structures like those at C 


often metamorphic? 

What happened to the rocks at DP 

What is a geosyncline and how is it thought 
to form? 

How can fossils be used to locate rock layers 
of the same age? 

What is meant by radioactive dating? 

How do we know that men and dinosaurs 
never lived at the same time? 





Thought Questions 


How can faulting produce a mountain range? 
Under what conditions might white quartz 
sandstones shown below have been formed? 


. What inferences can you make from the slab 


of limestone shown below at the right? 
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Perennial streams 


Marsh (swamp) 


TOPOGRAPHIC MAPS 


Trips to volcanoes, glaciers, deltas, beaches, and eroding streams usu- 
ally make the study of land forms more interesting. However, such 
trips are not always practical. Instead, these land forms can be stud- 
ied with the use of topographic maps, such as this one. Topographic 
maps are designed to show accurately the shapes of hills and valleys of 


a particular region. 


Topographic Map Symbols. Many 
different symbols are used on topo- 
graphic maps. A few important 
symbols are shown above. Study 
them and then answer the following 
to learn about the region shown. 

1. How do you think Leadville 
got its name? What evidence can 
you find to support your hypothesis? 

2. What is the distance from 
Leadville to Tennessee Pass as meas- 
ured along a straight line? What is 
the distance between these two 
places measured along U.S. High- 
way 24? Why was the road not 
built along a straight line? 

3. What is the general direction 
of the Denver and Rio Grande West- 
ern Railroad on this map? Describe 
the route of the railroad between 
Tennessee Pass and East Mitchell. 
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4, Topographic maps use contour 
lines to show slopes. Each contour 
line is composed of points having 
the same elevation. Every fifth con- 
tour line is usually darker and shows 
the elevation in feet above sea level. 
Where is the highest elevation on 
this map? Where is the lowest ele- 
vation? 

5. Forested areas are printed in 
green on coloured topographic maps. 
Locate two large areas on this map 
which are not covered with forests. 
Why do you think trees are not 
growing in these areas? What evi- 
dence can you find to support these 
hypotheses? 

6. Locate the following areas: 5 
swamps, 10 small lakes, a race track, 
a landing field, a power line, and a 
ski tow. 








Contour Lines. Cut a potato in 
the shape of a cone 2 inches in diam- 
eter and 2 inches high. Use a cork 
borer or large nail to cut a hole from 
the top of the cone to the base, as 
shown above. Draw a small tri- 
angle on a sheet of paper and place 
the potato on the paper so that the 
hole in the potato lines up with the 
triangle on the paper. Trace the 
outline of the base of the cone onto 
the paper. Label this line, 0 in., to 
represent the elevation of the base 
of the cone. 

Place a pencil on a wooden block 
so that the point of the pencil is ex- 
actly % in. above the desk top, as 
shown above. Use the pencil to 
draw a line around the potato at an 
elevation of % in. above the base. 





Slice off the bottom 1% in. of the po- 
tato and place the remaining cone- 
shaped part on the paper. Centre 
the potato over the triangle as be- 
fore. Trace the outline onto the 
paper. Label this line, 14 in. 

Repeat the process of slicing off 
4 in.-sections of the base and tracing 
the outline on the paper until the re- 
maining cone-shaped section is less 
than } in. tall. Compare your topo- 
graphic map of the potato with the 
drawing above. 

What is the diameter of the cone 
shown on the map? What was the 
diameter of the original cone-shaped 
piece of potato? What is the scale 
of this topographic map? 

Carve a second hill from a potato. 
Make the slope on one side much 
steeper than on the other. Con- 
struct a topographic map as before 
and compare the two maps. How 
do contour lines on steep slopes dif- 
fer from contour lines on gentle 
slopes? 

Carve a third hill from a potato. 
Cut a groove into one side of the 
slope to represent a stream valley. 
Make a topographic map of this hill. 


Do bends in contour lines point up- 
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stream or downstream when they 
cross stream valleys? 
Study the topographic map on the 


first page of this chapter. Locate 
(1) a cone-shaped hill, (2) a steep 
slope, (3) a flat area, and (4) several 
valleys on the sides of hills. 

Contour Intervals. The difference 
in elevation between two contour 
lines next to each other is called the 
contour interval. The contour in- 
terval of the maps in the last activity 
is %in. If one contour line is at an 
elevation of 1 in., the next contour 
line uphill represents an elevation 
of 1% in. 

What is the contour interval of 
the map showing the Leadville, 
Colorado, region? Why may differ- 
ent contour intervals be used on dif- 
ferent maps? 

Making a Topographic Map. 
Make the sighting level shown here 
using two pieces of wood and a wa- 
ter-filled bottle (or carpenter’s 
level). Note that the distance from 
the top of the sighting level to its 
base is exactly two feet. 

Set the sighting level at one of the 
lowest places on a hilly field. Look 
along the sighting device as a friend 
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holds it level. Locate a point on the 
hilly field that is two feet higher 
than where you are standing. Aim 
the sighting level in other directions 
and locate a number of points on the 
slope at the same elevation. Drive 
stakes into the ground at each of 
these spointss” Vie “as piece) ot red 
cloth around each stake. 

Move the sighting level to one of 
the red-flagged stakes. Again locate 
a number of points in the field which 
are two feet higher. Drive in stakes 
at these higher points. Label each 
of these stakes with a white cloth. 
Repeat the sighting procedure using 
different coloured cloths for each ele- 
vation until the highest point in the 
field is reached. Sketch a map of 
the field. Use the red-flagged stakes 
as aids in drawing the two-foot con- 
tour line on the map. Use the 
white-flagged stakes as aids in draw- 
ing the four-foot contour line, and 
so on. To test the accuracy of your 
map, locate the region on the map 
where the contour lines are closest 
together. How does this region on 
the map compare with the steepest 
region on the field? How do the 
flattest regions compare? 
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Interpreting Contour Lines. The 
Atlantic Coast region of Nova 
Scotia is shown on this page. What 
is the contour interval of this map? 
What is the elevation of the small 
oval contour at the top of the hill 
marked A? Describe the shape of 
this hill. 

Locate a 50-foot contour line near 
Half Island Point. What is the 
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smallest possible height of this hill? 
How do you know the hill is not 
more than 74 feet high? Place a 
ruler along the Atlantic Coast shore- 
line. What points jut out noticeably 
along the shoreline? Suggest a 
possible reason why these areas 
jut outward. Suggest a cause for 
the bulge in the 18-foot depth con- 
tour line offshore from Egg Island. 
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Suppose the sea level rose 25 feet. 
The shoreline would be along the 
25-foot contour line. Trace this con- 
tour line with your finger. What 
change would be made in the shape 
of this shoreline? 

Where would the shoreline be if 
the land sunk 25 feet? Where would 
the shoreline be if the sea level 
dropped 18 feet? 

Stream Slopes. The map below 
shows a plateau region in Colorado. 
Locate some flat areas on this pla- 
teau. Locate some steep slopes. 
What caused these steep slopes? 

Note the two contour lines at 
points X and ¥ that cross the stream 
bed in Johnson Canyon. Use the 
elevations of these two lines to de- 
termine the direction this stream 
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flows. Do contour lines point up- 
stream or downstream as they cross 
streams and stream valleys? 

Note the scale of miles given be- 
low. Use this scale to determine the 
distance along Johnson Canyon be- 
tween points X and Y. What is the 
difference in elevation between 
these two points? What is the drop 
in elevation per mile between these 
two points? 

The change in elevation per mile 
is called the slope of a stream. De- 
termine the slope of the stream bed 
in Johnson Canyon between 5,750 
ft and 6,000 ft, between 6,000 ft, 
and 6,250 ft, and between 6,250 ft 
and 6,500 ft. Where is the slope of 
the stream bed greatest ? Where is 
the slope least? 
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Stream Profiles. 
types of streams and stream valleys 
are shown on the topographic maps 
on the next page. How does the 
slope of the stream bed in Cotton- 
wood Canyon compare with the 
slope of the Souris River? How 
else do these streams and stream 
valleys differ? 

Cut a strip of paper slightly 
longer than the space between X 
and Y on the topographic map of 
Cottonwood Canyon. Mark a point 
with an X along the edge at one end 
of the paper strip. Place this point 
over X on the map, as shown above. 
Bend the strip to match the bends 
in the stream bed. Mark the strip 
at places where contour lines cross 
the river. Label these marks with 
the elevations of the contour lines. 

Repeat this process until point Y 
on the map is reached. Then com- 
pare your paper strip with the one 


ELEVATION 


DISTANCE IN MILES 


shown below. Use the data on the 
strip to make a graph showing the 
slope of the stream bed. This type 
of graph is called a stream profile. 

Count the number of contour lines 
which cross the Souris River. De- 
scribe a stream profile of this river. 

Cross Profiles. Make a cross pro- 
file of Cottonwood Canyon and the 
Souris River Valley from Points A to 
B. Compare the cross profiles of 
these two stream valleys. Did the 
V-shaped valley develop where 
stream velocity was high or low? 

Note the flat region along the 
Souris River. This feature is called 
a flood plain. Flood plains are com- 
posed of silt and clay particles. 
Suggest how floods might aid in de- 
veloping these plains. If you vis- 
ited this plain after a flood, what 
evidence would you look for to sup- 
port your hypothesis? 

Note point C on the lower map. 
How is the valley width changing at 
this point? 

What features of the Dolores 
River (upper map) resemble Cot- 
tonwood Canyon? What features 
resemble Souris River Valley? Sug- 
gest changes that might occur in 
Cottonwood Canyon and the Do- 
lores River Valley after millions of 
years of erosion. 
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Meandering Streams. Battle 
River, a curving or meandering 
stream, is shown on this topographic 
map. What is the contour interval 
of this map? What do the dotted 
contours show? Describe the slope 
of Battle River. Describe the ve- 
locity. 

Note the features labelled A on 
the inside banks of several mean- 
ders. Use the chart of symbols to 
identify these features. Do such 
features result from erosion or depo- 
sition? Compare the regions of 
deposition along Battle River with 
those in the photograph. 


Which side of a meandering 
stream has the greater velocity, the 
outside or the inside of curves? 
How does the difference in velocity 
affect the shape of meanders? 

Note the neck of land labelled B. 
Describe the new route of Battle 
River if this neck of land erodes. 

Locate two features labelled D on 
the Souris River, N.Dak. map (pre- 
vious page). How did these fea- 
tures form? How did the features 
form which are labelled C on the 
Battle River map? What will hap- 
pen after many years? (Hint: These 
features occur in flood plains. ) 
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Natural Levees. The map on this 
page shows a section of the Missis- 
sippi River. What is the width of 
the river in this region? What are 
the features labelled A and BP 

How far is point A from point CP 
What is the elevation at each point? 
Calculate the slope in feet per mile 
from C to A. 

Note the dark straight lines about 
3 miles long near A. These lines rep- 
resent drainage ditches. In what di- 
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rections does water flow in these 
ditches? Describe the shape of a 
profile drawn from A to B. 

The plain on either side of the 
Mississippi River is made of sedi- 
ments from flood waters. More sedi- 
ments deposit on the flood plain near 
the river every time the river over- 
flows and loses velocity. As a re- 
sult, a raised flood plain develops 
along the river’s edge. This feature 
is called a natural levee. 


—— 





Alluvial Fans and Cones.  Dis- 
cuss reasons that might explain how 
the Cedar Creek Alluvial Fan (shown 
on the next page) formed. Notice 
on the map that Cedar Creek di- 
vides into many smaller streams as 
the creek flows onto the alluvial fan. 
How does the deposition of sedi- 
ments cause Cedar Creek to split, 
as shown on that section of the map 
near Lawton Ranch? 

Locate several small streams 
which flow northward from Lawton 
Ranch. Calculate the average slope 
of these streams between the 5,800- 
and 5,400-foot contour lines. Note 
the westward flowing stream at the 
top of the map. What is the slope 
of this stream between 5,400 and 
5,000 feet? Explain why erosion oc- 





curs between the 5,400- and 5,000- 
foot contours but not at higher ele- 
vations. (Hint: What factor, be- 
sides slope, affects erosion? ) 

Construct a profile along the road 
to Lawton Ranch. Use the scale 
1 inch: 5,000 feet (one mile) for 
both axes of the graph, as shown 
below. Use a protractor and the 
profile to determine the angle of rest 
of the material in the Cedar Creek 
Alluvial Fan. 

Note the alluvial cones along the 
Shoshone River, Wyoming, in the 
photograph. Compare the angle of 
rest of the material in these cones 
with the angle of rest of Cedar Creek 
Alluvial Fan. What factors might 
have caused the differences in these 
slopes? 
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Deltas. This topographic map 
shows the regions around the St. 
Clair River flats on the Ontario- 
Michigan border. What is the land 
called which juts out into Lake St. 
Clair between the south channel 
and Basset Channel? What mate- 
rial makes up this feature? From 
where did this material come? 

Note the houses along the shore- 
line on the north side of the south 
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channel. 


Why were these houses 
built along the water? 

Why has the land on the north 
side of the south channel been de- 
veloped rather than the land on the 
south side? What possible use 
could be made of the land on the 
south side of the channel? What 
would have to be done before this 
land would be useful? 
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Glaciated Valleys. The map here 
shows the valley of a stream called 
Bow River. Determine the slope of 
the river between the two X’s. 
Compare the slope of the Bow River 
with the slopes of streams studied 
earlier. Which of these streams 
have slopes similar to the slope of 
the Bow River? 

Construct a cross profile of the 
Bow River Valley from point A to 
B. How does the cross profile of the 
Bow River Valley differ from the 
cross profile of Cottonwood Canyon 
and Johnson Canyon studied earlier? 
Refer to the chapter “Record of the 
Rocks” to determine what type of 
erosion produces valleys of this cross 
profile. 

The ridge of land around the 
western half of Bow Lake is com- 
posed of rounded rocks, pebbles, 
and sand. These materials are not 
distinctly bedded. What is the 
name of land ridges such as this? 
How do they form? Where could 
you find bedrock similar to the loose 
rock in this ridge? 

Locate two areas of sand deposit. 
Explain how these were formed. 

Describe the shape of the land at 
the several beginnings of Bow Lake. 
What are these land forms called 
and how did they form? 
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Volcanic Mountains. Mt. Shasta 
(on the left) and Shastina are shown 
in this photograph. These moun- 
tains were once active volcanoes. 
Note the lava flow in the foreground. 
Did this lava come from the peaks? 
Look for evidence to support your 
answer. 

Note the ridge crossing line AB 
on the map on the next page. What 
is the difference in elevation be- 
tween point A (or B) and the top 
of the ridge along line ABP  Pro- 
pose a possible cause of this ridge. 
Trace this ridge up the slope of 
Mt. Shasta. What is the highest 
elevation at which this ridge can be 
detected? Locate similar regions. 





Now trace the 9,600-, 10,800-, and 
12,000-foot contour lines with your 
finger. Describe the shape of Mt. 
Shasta. 

Note the glaciers near the top of 
Mt. Shasta. On which side of the 
mountain are glaciers common? On 
which side are there few glaciers? 

Compare the lowest elevation of 
Whitney, Bolam, and Hotlum Gla- 
ciers on the northern slope with Kon- 
wakiton Glacier on the southern 
slope. Why do these glaciers melt 
at different elevations? 

Note Mud Falls Creek and Clear 
Creek on the southeast slopes of Mt. 
Shasta. Explain how these creeks 
got their names. 
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Crater Lake. Crater Lake, shown 
above, is located at the top of Mt. 


Mazama in Oregon. Note the cliff 
called Llao Rock to the right of the 
island in Crater Lake. Use the map 
to determine the elevation of Llao 
Rock above Crater Lake. Where is 
the lowest point on the cliff around 
Crater Lake? 

Make a profile of the crater in 
Mt. Mazama from point A to B. 
Note that the depth contours are 
given in feet below lake level (6,176 
feet). Add a second line to your 
profile to show the level of water in 
Crater Lake. 

Crater Lake is in the top of an 
ancient volcano. Geologists believe 
that Mt. Mazama was once 14,000 
feet high. Thus, about 17 cubic 
miles of rock material are now miss- 
ing from the top of this volcanic 
mountain. What is the highest point 
now on the cliffs around Crater 
Lake? 


A study of other craters in vol- 
canic mountains shows that craters 
usually develop by one of two meth- 
ods. Either the top is blown off or 
the centre part of the volcano col- 
lapses, leaving a huge pit. No evi- 
dence has been found of rock ma- 
terial blown off the top of this moun- 
tain, so most geologists believe that 
the top of Mt. Mazama collapsed. 

Locate two small cones within the 
erater, other than Wizard Island. 
Propose how these cones developed. 
Why did these cones probably de- 
velop after the crater formed? 

Kerr Valley is located along the 
upper rim of Crater Lake. What 
is the shape of the cross profile of 
this valley? Note that this glaciated 
valley has no cirque at its top. How 
does this observation support the 
idea that Mt. Mazama once had a 
peak? What can you infer about 
the time in history when Mt. Ma- 
zama lost its top? 
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Additional Activities 


. Survey a field using the method shown above. 


Pound two stakes into the ground 40 feet 
apart. Label the stakes A and B. Draw a 
4-in. line on a sheet of paper to represent a 
line between the two stakes; thus, the map 
will have the scale, 1 in. : 10 feet. Label the 
ends of the line a and b. 

Place the paper on a table over stake A. 
Line up the paper so that line ab points di- 
rectly to stake B, as shown at the left. Use 
two pins to sight the direction to a tree. 
Draw a line from point a on the paper di- 
rectly toward the tree, as shown here. Re- 
peat the same procedure from stake B, sight- 
ing over point b on the paper. Locate the 
tree on the map where sighting lines cross. 

Use the same procedure to locate the cor- 
ners of the field and other features of interest. 
Then carefully sketch in the rest of the map. 


. Add contour lines to the map made in the last 


problem. Use the method described in this 
chapter to lay out the contour lines. Then 
use the method above to locate points along 
the contour lines for your map. 


. Make a map of a field by stepping off the 


dimensions. First, pound two stakes into the 
ground 40 feet apart. Practice stepping off 
the 40 feet until each step is 2 feet long. 
Then pace off the lengths of two adjoining 
sides of the field and the diagonal from the 
far ends of these sides as shown here. Use 
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a scale such as 1 in. : 10 feet (5 paces) and a 
compass to determine the sides and corner 
angles of the field on your map. Note the 
example. Repeat the procedure to map the 
other sides of the field. 

. Purchase a topographic map of your area. 
Topographic maps may be ordered from the 
Map Distribution Office, Department of 
Energy, Mines and Resources, Ottawa. They 
may also be obtained from most provincial 
governments. 

What is the contour interval of the map 
showing your area? Locate the highest and 
lowest points on the map. What is the eleva- 
tion of your home? Your school? Locate 
streams in different stages of erosion such as 
streams in V-valleys, streams widening their 
valleys and developing flood plains, and 
streams in valleys with natural levees and 
oxbow lakes. 

. Locate a point on your topographic map la- 
belled: BMX and the elevation. Such points 
are called benchmarks. Visit the exact point 
indicated by the X on the map and locate the 
benchmark. Bring to class information given 
on the benchmark. Do NOT disturb the 
benchmark in any way. 

. Make up some questions about your local 
topographic map to be answered by stu- 
dents in your class. Exchange map ques- 
tions with other classmates and answer each 
other's questions. 

. Prepare an actual relief map from the topo- 
graphic map of your area. Trace every fifth 
contour line onto pieces of cardboard or wall- 
board. Cut out the pieces and glue them to- 
gether as shown here. Use plaster of Paris 
or sandpaper to smooth the hills and valleys. 
Paint the relief map green. Then add the 
streams to the map with blue paint and paint 
in some of the major roads in red. 

. Make actual relief maps of other regions of 
the country, such as the Bow River Valley, 
or Niagara Falls. 
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9. Make a plane table from pieces of %-in. 
wood. Cut a 6-in. circle of wood for the 
top of the plane table. Nail or screw three 
pieces of 1 in. x 3 in. wood to the underside 
of the top for leg supports. Cut six pieces 
% in. wide and 3% feet long for three legs. 
Nail together at one end, two of these long 
pieces of wood. Screw the other ends of 
these pieces into the sides of the leg supports 
as shown at the left. When the table is 
finished, drill and countersink a hole through 
a drawing board and the tabletop. Mount 
the drawing board to the tabletop with a flat 
headed bolt and a wing nut. Then use the 
plane table to aid in surveying an area. 

10. Arrange to visit with a surveyor. Find out 
what training his job requires, how a sur- 
veyor determines the heights of mountains, 
and how surveyors use a stadia rod. 

11. Visit a team of surveyors at work. Prepare 
a report about their methods and equipment. 

12. Find maps in the library which were made 
hundreds of years ago, before mapmakers 
were able to locate points on world maps ac- 
curately. Compare some of these maps with 
modern maps. From this comparison, decide 
whether early mapmakers could determine 
latitude or longitude more accurately. 

13. The illustrations below show George Wash- 
ington as a young surveyor and some of his 
work. Read about some famous Canadian 
surveyors, such as David Thompson, and re- 
port your findings in class. 
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14. Determine the height of tall objects, such as 


15. 


16. 


A Wie 


18. 


trees, flagpoles, or buildings using the sight- 
ing device shown here. Walk away from the 
tree until the top of the tree has an angle of 
elevation of 26.5°. The distance from this 
point to the tree is twice the height of the 
tree. If a treetop has an angle of elevation of 
26.5° when viewed 182 feet away, the tree- 
top is 91 feet above eye level (about 96 feet 
tall). 

Geologists believe that Mt. Mazama was 
originally about the size of Mt. Shasta. Use 
the Mt. Shasta map to estimate how many 
cubic miles of rock would disappear if a 
crater developed at the same elevation as 
the one in Mt. Mazama. (The formula for 
the volume of a cone is V = %zr?h). 
Construct a profile from A to B on the Don- 
aldsonville, Louisiana map. (Note that the 
two contours closest to the river are both 20- 
foot contours). Suggest a possible reason 
why natural levees never are steeply sloped. 
Construct profiles using the topographic map 
of your area. Explain each profile. 

Read about the problem of drawing earth on 
flat paper. Find world maps which use dif- 
ferent projections, such as the Mercator pro- 
jection and polar projection maps shown 
here. Report to the class on the advantages 
and disadvantages of the different projec- 
tions. 


MERCATOR PROJECTION 
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APPENDIX 





EQUIPMENT 


Mortar and Pestle. A mortar and pestle, sturdy enough for crushing most 
minerals, can be made from a 3-inch-diameter pipe cap and a 1-inch pipe 
nipple and cap. Smooth off the cap threads with a file or emery wheel. 
Check the furnace room in school or your cellar for such pieces of pipe. 


RECIPES 


Acetic Acid, Dilute (HC,H,O,). (CAUTION: Only experienced people 
should handle concentrated acids.) Slowly add one part of concentrated 
acetic acid to three parts of water. Store the dilute acid in a labelled bottle. 

Agar. Add 5 grams of powdered agar and one bouillon cube to a 250 ml 
flask. Add 200 cc’s of water; then plug the flask with cotton. Sterilize the 
flask and its contents by heating it with a pressure of 15 pounds per square 
inch for 15 minutes in a pressure cooker. (CAUTION: Only experienced 
people should operate a pressure cooker.) Cover the: bottom of several 
sterile Petri dishes with the sterile contents of the flask. Hold the cover of 
the Petri dishes to reduce the possibilities of organisms from the air falling into 
the agar. Use the agar after it hardens. 

Barium Chloride Solution (BaCl,). Dissolve 7 grams of barium chloride 
in 100 cc’s of water. If the solution is cloudy, filter it before using it. Store 
the solution in a labelled bottle. 

Cobalt Chloride Paper. Add 70 grams of cobalt chloride to 100 ce’s of 
water. Dip thin strips of paper towels into the red solution. Place the wet 
strips on other pieces of paper towelling until they are dry. Then cut the 
small strips into small test pieces. Stopper the solution when it is not in 
use. Add drops of liquid to the dry blue test pieces. If the cobalt chloride 
strips turn red, the liquid contains water. 

Hydrochloric Acid, Dilute (HCI). (CAUTION: Only experienced people 
should handle concentrated acids.) Slowly add one part of concentrated 
acid to three parts of water. Store the dilute acid in a labelled bottle. 

Silver Nitrate Solution (AgNO,). Add 8.5 grams of silver nitrate to 100 
cc’s of water. Store the solution in a labelled amber bottle, away from light. 
Only use small amounts of it at a time. 


ATOMS AND ELEMENTS 


Atoms. All matter is believed to be composed of atoms. Atoms are be- 
lieved to have small, dense, positively charged (+) centres and light, nega- 
tively charged (—) electrons travelling in orbits around the atom’s centre. 
Note the atomic models on the next page. 
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Elements. 


Matter found in nature is composed of atoms having from 1 to 
92 positive charges. These 92 different atoms are called elements. The table 
below lists 17 of these elements. The small number before each symbol 
shows the number of positive charges in an atom of each element. 

Ions. Atoms may gain or lose a few negatively charged electrons and form 
ions. Study the sodium and chlorine ions above. How do these ions differ 
from the atoms from which they formed? 

Free and Combined Elements. Sodium atoms make up a very soft, shiny 
metal. However, sodium atoms lose electrons very easily and become posi- 
tive ions. These positive ions combine with negative ions forming new sub- 
stances which do not resemble either element. The new substance is called 
a compound. The elements which make up a compound cannot be identified 
by looking at the compound. Discuss the appearance of halite (NaCl) and 
the elements, sodium and chlorine. 

Some elements are found both as neutral atoms (free) and in compounds 
(combined). Oxygen is free in air and combined in compounds such as 
water (H,O), calcite (CaCO,) and quartz (SiO,). 

Gold and silver are usually found free in nature. 
silver appear not to form ions easily. 


Thus, atoms of gold and 




















NATURAL OCCURRENCE 
pee BEMpOU Free (uncombined ) | Combined 
Hydrogen Agl light, colourless gas water (H,O), acids, bases 
Carbon xe coal, graphite, diamond | calcite (CaCO,), oil 
Nitrogen ;N in air (78%) in important soil minerals 
Oxygen {0 in air (21%) quartz (SiO,), feldspars, oxides 
Sodium ,,Na | never free in nature halite (NaCl), some feldspars 
Aluminum | ,,Al | never free in nature feldspars; ore is bauxite (Al,O,) 
Silicon 45 never free in nature quartz, feldspar, mica, tale 
Sulphur Ais yellow solid pyrite (FeS,), galena (PbS) 
Chlorine _ yellowish-green gas halite (NaCl), hydrochloric acid 
Argon mi less than 1% of air never combined in nature 
Potassium | ,, never free in nature some feldspars 
Calcium apca | never free in nature calcite (CaCO,), gypsum 
7" (CaSO, - 2H,O) 
Iron py en) tileteOrites pyrite, hematite, magnetite 
Nickel »<Ni | meteorites few useful compounds 
Silver ,Ag | often free in nature mined as AgS, (silver tarnish) 
Gold -,Au | usually free in nature rarely combined 
Lead <oPb | heavy soft metal galena (PbS) 
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OUT-OF-CLASS STUDIES 
Listed by Seasons 


Fall 


L 


ol ® OG bo 


Sept. 2lst—Sun rises exactly east and sets exactly west. Locate these 
points on the horizon. Determine the number of hours of daylight. 


. Note the position of the Big Dipper in the evening. 
. Record air and water temperatures throughout September and October. 
. Watch weather maps for hurricanes and frost lines. 
. Pound stakes flush into the ground exactly three feet from eroding stream 


banks and head ends of gulleys. Look for changes in the positions of the 
stakes after spring erosion. 


. After the first killing frost, look for plants that were not killed. Identify 


the factors which protected these plants. 


. Paint a section on a cliff. Next spring, look for fallen painted rocks. 
. Meteor showers—Oct. 9 (Draco), Oct. 20 (Orion), Oct. 31 (Taurus), Nov. 


14 (Andromeda ), Nov. 16 (Leo), Dec. 13 (Gemini), Dec. 14 (Monoceros ). 


Winter 


Le 


ew bo 
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Dec. 21st—Note the rising and setting positions (and times) of the sun. 
Determine the number of hours of sunlight. Estimate the angle of eleva- 
tion of the noontime sun. 


. Note the position of the Big Dipper. Compare with your fall data. 
. Find the depth to which soil freezes. 
. Drill holes through the ice and determine the depth of ponds and lakes. 


Make a topographic map of the lake bottom. 


. Study lake temperatures at different depths monthly through spring. 

. Compare monthly temperatures of wells and springs with lakes and streams. 
. Note the change in Orion’s 8:00 P.M. position during winter and spring. 

. Photograph examples of wind erosion in snow; angles of rest of snow. 

. Meteor showers—Dec. 22 (Little Dipper), Jan. 3 (Bootes, Draco). 


Spring 


le 


GC bo 


COND Ole 


March 21st—Sun rises exactly east and sets exactly west. Record the 
rising and setting times. Determine the hours of sunlight at the equinox. 


. Compare the evening position of the Big Dipper with your previous data. 
. Measure a stream’s velocity at high water. Compare this velocity with the 


velocity at low water. 


. Visit your erosion points (see no. 5, Fall) and look for evidence of erosion. 
. Visit the painted cliff section (see no. 7, Fall). Look for changes. 

. Record the daily temperatures of a pond and the air. 

. Look for evidence of microclimates aiding early blooming of flowers. 

. Check the rising and setting position of the sun the last week of school. 


Also check the angle of elevation of the noontime sun. 


. Meteor showers—April 21 (Lyra), May 4 (Aquarius), June 28 (Draco), 


July 30 (Aquarius), Aug. 11 (Perseus). 
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THE METRIC SYSTEM 
METRE (about 1 yard) GRAM (about 1/30th of an ounce) LITRE (about 1 quart) 


An authorized group of French scientists developed the metric system of 
measurement. In 1799, France adopted it as the legal system of weights and 
measures. After World War II, Egypt, China, and India adopted the metric 
system. The United States, Great Britain, Canada, and most of the British 
Commonwealth countries use the English system. The metric system, once 
learned, is generally considered simpler to use and more accurate than other 
methods of measurement. 

The basis of the metric system of measurement is the distance between the 
North Pole and the equator, which is about 6,200 miles. A straight line run- 
ning from the North Pole to the equator is composed of 10,000,000 equal parts. 
Each of these parts is a metre, or 39.37 inches, slightly longer than a yard in 
the English system. 

The metric system of measurements is used by all people who do not live 
in English speaking countries and by all the scientists in the world. The 
three most common metric units are: (1) metre—for length, (2) gram—for 
weight, and (3) litre—for volume. A part of a word (called a prefix) can be 
added to any of these three terms to obtain a smaller or larger unit. For 
example, a millilitre is 1/1,000 of a litre. However, the prefix “milli-,” can 
also be added to metre or gram. In each case, “milli-” means 1/1,000 of the 
metric unit. 

In the same way, the prefix “centi-” means 1/100, thus a centimetre is 
1/100 of a metre. “Kilo-” means 1,000 times. Thus, a kilogram is 1,000 times 
greater than a gram. 

The table below shows many of the prefixes used in the metric system. 
Only the prefixes milli-, centi-, and kilo- are commonly used. 


TABLE OF METRIC PREFIXES 











Prefix Example 
micro- = 1/1,000,000 micrometre or micron (very, very small) 
milli- = 1/1,000 millimetre 1 millimetre 
centi- = 1/100 centimetre (10 millimetres) 1 centimetre 
deci = 1/10 decimetre (10 centimetres), about 4 inches 
(no prefix) = 1 metre (10 decimetres), about one yard 
deca = 10 decametre (10 metres), about 10 yards 
hecta = 100 hectametre (10 decametres), about 100 yards 
kilo = 1,000 kilometre (10 hectametres), about 1,000 yards 
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An Advantage of the Metric System. Scientists often change lengths (or 
weights, or volumes) from one unit, such as miles, to another unit, such as 
inches. The example below shows how 2.5 miles is changed to inches. 


STEP 1. Changing miles to feet: STEP 2. Changing feet to inches: 


feet inches 

2.5 miles x 5,280 —— 13,200 feet x 12 ——— 
mile feet 

= 13,200.0 feet = 158,400 inches 


Note how much simpler it is to change 2.5 kilometres to millimetres. 


STEP 1. Changing kilometres to metres: 
metre 


9.5 kilometres & 1,000 ————— = 2,500 metres 
kilometre 


STEP 2. Changing metres to millimetres: 
millimetres 


2.500 metres & 1,000 —————— = 2,500,000 millimetres 
metre 


TABLE OF MEASUREMENTS 


Units of Length 


ENGLISH METRIC 
12 inches = 1 foot 10 millimétres (mm) = 1 centimetre (cm) 
36 inches = 1 yard 1,000 mm = 100 cm = 1 metre (m) 
5,280 feet = 1 mile 1,000 metres = 1 kilometre (km) 
Units of Volume lom. lcm. 
ENGLISH METRIC 
3 teaspoons = 1 tablespoon A cube 1 centimetre on aside = ~ : lcm. 


16 tablespoons = 1 cup 

2 cups = 1 pint 

4 cups = 2 pints = 1 quart 1 cubic centimetre (cc) = 1 millilitre (ml) 
4 quarts = 1 gallon 1,000 cc’s = 1,000 ml’s = 1 litre (1) 


Units of Weight 


ENGLISH METRIC 
16 ounces (oz) = 1 pound (Ib) One cc of water weighs one gram 
2,000 pounds = 1 ton 1,000 grams = 1 kilogram 
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CONVERTING FROM ENGLISH TO METRIC 


LENGTH VOLUME 


2.54 cm = 1 inch 
39.37 inches = 1 meter 
0.6 mile = 1 kilometer 


250 cc’s is about 1 cup 
1 liter = 1.06 quarts 


WEIGHT 


98.3 grams = 1 ounce 
454 grams = 1 pound 
2.2 pounds = 1 kilogram 


TEMPERATURE SCALES 


The Fahrenheit temperature scale is used in England and 
the United States. On this scale, water freezes at 32° and 
boils at 212°. Scientists and people in most of the other 
countries of the world use the Celsius temperature scale 
(formerly called the centigrade scale). On this scale, water 
freezes at 0° and boils at 100°. 


Temperature Conversions. Use the thermometer at the 
right to convert Fahrenheit and Celsius temperatures. For 
example, the thermometer shows that a temperature of 
20° C is the same as 68° F. 
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120 250 
100 2\2 
80 176 
60 140 
40 104 
20 68 

BZ 
-20 -4 
-40 -40 
°C °F 
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GLOSSARY 


Abrasion (a-BRAY-shun)—Wearing away by hitting, rubbing, or scraping. 

Accelerate—To pick up speed. 

Adhesion—The attraction of two unlike substances, such as water and glass, 
which are in contact with each other. 

Advection fog—Fog which forms when warm, moist air travels over a cold 
surface. 

Alluvial fan (a-LOO-vee-ul)—A deposit of sediments usually resulting when 
a mountain stream of high velocity enters a relatively flat valley. As a re- 
sult, the water loses velocity and the sediments deposit. 

Aneroid barometer (AN-er-oyd buh-ROM-ubh-ter )—A barometer which does 
not use liquids. 

Angle of elevation—Angle formed by a horizontal line and the line of sight 
to an object in the sky. 

Anticline—An upward fold of rock layers. 

Apogee (AP-uh-jee)—The point in a satellite’s elliptical orbit where the 
satellite is at its greatest distance from earth. 

Assumption—An idea accepted as a fact but which has not been proved. 
Conclusions based on assumptions must be restudied if the assumption is 
later proved incorrect. 

Aurora (ah-ROE-ra)—A nighttime glow sometimes seen in the northern sky. 
It is believed to be caused by protons and electrons from the sun striking 
atoms in the atmosphere at high altitudes. 


Barometer—Instrument used to measure atmospheric pressure. 
Bay Bars—Sand deposits across the mouth of a bay or inlet. 
Bedding—Layering found in sedimentary rocks or water-deposited sediments. 


Capillary action (KAP-il-air-ee)—The rise of water inside a capillary tube 
when the tube is placed in water. 

Capillary water—Water held in spaces in the soil by capillary action. 

Celsius (SEL-see-us )—Thermometer scale on which water freezes at 0° and 
boils at 100°. Formerly called the Centigrade scale. 

Centre of mass—A point in or near an object at which the weight of the ob- 
ject may be considered to be located. 

Cleavage—The tendency of a mineral to break along flat surfaces. 

Colloidal particles (ko-LOY-dal)—Solid particles so small that when placed 
in water, the particles do not settle out. 

Conglomerate—A rock that is made up of various rocks of different sizes. 

Contour lines—Lines showing points of equal elevation on a topographic map. 

Core—Central region of the earth. It may be composed of iron and nickel. 
The outer core is believed to be molten. The inner core is thought to be 
solid. 
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Corona (kuh-ROE-na )—Halo around the sun, seen during a total solar eclipse. 

Creep—A slow, downward movement of soil under the influence of gravity. 

Crust—Outer layer of the earth. It averages about 15 miles thick. Crust is 
composed of relatively light minerals and rocks. 

Crystalline (KRIS-tal-in )—Characteristics of a substance whose atoms or mole- 
cules are arranged in a definite order. 

Cumulus (KYOOM-yoo-lus )—White, puffy clouds formed when moist, warm 
air rises to such heights that the water vapour condenses. 

Cyclone—Slowly whirling storm, several hundred miles in diameter, with low 
pressure at the centre. The usual type of storm in the temperate zones. 


Degree—Unit of measurement for angles and temperatures. 

Dehydrate (dee-HY-drayt )—To remove the water from a substance. 

Delta—Sedimentary deposit at the mouth of a stream or river caused by a 
decrease in velocity as the stream enters a body of quiet water. 

Density—Weight of a unit or volume. The weight (in pounds) of a cubic 
foot of material, or the weight (in grams) of a cubic centimetre. 

Dew point—The temperature below which water in air condenses and forms 
dew or fog. 

Dip needle—A magnetized needle that shows the vertical angle between a 
horizontal line and the earth’s magnetic field. 

Discontinuity—Boundary within the earth separating different materials, such 
as the Mohorovicic discontinuity which separates the mantle and crust of 
the earth. 

Drainage water—Water in the soil which is travelling downward under the 
influence of gravity. 

Dune—A wind-produced hill or mound of sand. 


Earthshine—The faint light reflecting from the darker part of the moon in the 
crescent phase. 

Ecliptic (ee-KLIP-tik )—A line around the sky globe along which the sun, 
moon, and planets are located. The line represents the orbit plane of the 
solar system. 

Electrolysis (eh-lek-TROL-ih-sis )—The process of using electricity to break 
apart compounds. 

Element—The simplest form of matter. Matter which is composed of only 
one type of atoms. Examples: Oxygen (O), Hydrogen (H), Iron (Fe), 
Carbon (C). 

Erosion—Weathering apart and carrying away of rock and soil material. 

Exfoliation (ex-fo-li-AY-shun)—The flaking off of layers of rocks such as 
granite. 


Fahrenheit (FAR-en-hyt )—Temperature scale used in English-speaking coun- 
tries on which water freezes at 32° and boils at 212°. 

Fault—A break in a mass of rock along which rock movement has occurred. 

Foliation—Organization of mineral crystals in a rock causing the rock to 
break in sheets. Example: foliation in slate. 

Foucault pendulum (foo-KOH )—Long pendulum used as evidence that the 
earth rotates. 
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Fracture—The breaking of a rock or mineral along regular surfaces. 
Fungi (FUN-ji)—Non-green plants such as mushrooms which depend on 
living or dead material for food. 


Gel—Colloidal dispersion of a liquid in a solid. Examples: gelatin, jelly. 

Gravity—Attractive force which exists between all objects, especially notice- 
able when one object is larger. For example: the attractive force between 
the earth and a rock when the rock is dropped. 


Horizon—The line around an observer along which the sky appears to meet 
the earth. 

Horizontal line—A line at a right angle to the pull of earth’s gravity. 

Hygrometer (hy-GROM-uh-ter)—Instrument used to measure the humidity 
in the air. 

Hygroscopic (hy-gro-SKOP-ik)—Absorbing and holding moisture from the 
air. 


Inertia (in-ER-shuh)—The property of matter by which moving objects tend 
to stay moving and objects at rest tend to remain at rest. 

Inference—A conclusion based on incomplete evidence. Inferences often are 
revised as additional evidence becomes available. 

Infrared (in-fruh-RED )—Invisible radiation which has a longer wavelength 
(lower frequency ) than red light. 

Isobars (EYE-soe-barz)—Lines connecting points of equal pressure on a 
weather map. 


Jet stream—Steady, high velocity wind in the stratosphere. 
Joints—Straight, nearly vertical cracks in rocks with no upward or downward 
change in position. 


Lagoon—A body of water between a coastline and an offshore bar. 

Lava—Molten rock material flowing from a volcano. 

Loam—Soil composed of nearly equal portions of sand, silt, and clay. 

Lustre—The way light is reflected from the surface of a mineral. Examples: 
metallic, waxy, glassy, earthy. 


Magma—Hot, molten rock material from which igneous rocks are formed 
Magnifying power—The number of times larger in size an image appears 
when viewed through a lens or series of lenses. 

Mantle—Region of the earth’s interior which is below the crust and above 

the core. 

Meander (mee-AN-der)—The curved channel of a stream in an old stream 

valley. 

Meee ahic rock (met-uh-MOR-fik)—Rock which has changed under the 
influence of heat and/or pressure. 

Meteors (MEE-tee-orz)—“Shooting stars.” Meteors are rock-like objects in 
space which glow when they enter the earth’s atmosphere and are heated 
by friction with air molecules. 

Microclimate—The climate in a very small region. For example, the climate 
under a stone or inside a hollow tree. 
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Microcrystalline (my-kroh-KRIS-tahl-in )—Very small crystal structure. 

Mould—A hollow shape into which plaster or some other material is poured 
to solidify and form a figure. In rocks, a print or cavity which has the 
form of an object such as a shell. 

Mycelium (my-SEE-li-um)—White thread-like part of mushrooms or other 
fungi. They are often found underground. 


Neap tide—The tide which occurs when the moon is near first and third quar- 
ter phases. 

Nodules (NOD-yools )—Growths on the roots of legumes. Nodules contain 
micro-organisms which change nitrogen in soil air into compounds of ni- 
trogen. 

Noncrystalline—No orderly arrangement of atoms. 


Off-shore bars—Sand bar, parallel to straight, gently-sloping shoreline. 
Ox-bow lake—Crescent-shaped lake formed where two stream banks of a 
meander in a river erode into each other. 


Parallax—Apparent change in position of a close object compared to distant 
objects when the nearby object is viewed from two different positions. 
Perigee—The point in a satellite’s elliptical orbit where the satellite is closest 

to the earth. 

Phases—The name of the moon’s bright part as seen from earth; for example, 
crescent phase, first quarter phase, full moon phase. 

Planetoids (PLAN-et-oydz)—Small rock objects traveling around the sun. 
Most planetoids travel in orbits between Mars and Jupiter. 

Plutonic rocks (ploo-TON-ik)—Igneous rocks which formed when magma 
within the earth cooled. 

Potholes—Round depressions made in the bed of a fast-moving stream. They 
are formed and enlarged by the abrasion of rocks swirling around in the 
hole. 

Precession—The slow wobble of the axis of a spinning body such as a spin- 
ning top, gyroscope, or planet. 

Precipitate (pre-SIP-i-tate )—Material which forms from a chemical reaction 
and which does not dissolve. 

Predators (PRED-a-tors )—Animals which capture and eat other animals. 

Pressure—Force per unit of area. The pressure caused by air at sea level 
exerts a force of about 14.7 pounds on each square inch of area. 

Protractor (proh-TRAK-ter)—An instrument that is used for measuring 
angles. 


Radiation fog—Fog formed on clear nights in air that is in contact with ob- 
jects being cooled by loss of heat through radiation. 

Reduction—The process of breaking apart compounds. Usually means the 
process of breaking apart a metal oxide to obtain the pure metal. 

Relative humidity—Measure of the amount of moisture in the air compared 
to the total amount of moisture the air can hold at this temperature. The 
comparison is expressed as a per cent. 


Saturate (SACH-er-ate)—To dissolve as much as possible of one substance 
in another substance. 
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Sea cliffs—Nearly vertical cliffs which develop along steeply sloped shore 
lines as a result of wave erosion. 

Sediments—Small pieces of rocks and minerals carried and deposited by 
agents of erosion such as water, air, or ice. 

Sedimentary rocks (sed-uh-MEN-ter-ee )—Rocks formed from sediments. 

Seismogram (SIZE-mo-gram )—Record of earthquake waves which arrive at 
a seismograph. 

Seismograph—Instrument for recording waves sent out from earthquakes. 

Sky equator—A line around the sky globe which is directly above the earth’s 
equator. 

Sky globe—An imaginary globe or sphere surrounding the earth on which 
the sky, stars, sun, moon, and planets appear to be located. 

Sink—Depression in the surface of the earth caused by the collapse of the 
roof of a cave. 

Soil profile—Cross section of the soil as seen in a road cut or a freshly dug 
ditch. 

Soil texture—Feel of a soil sample. Texture may be like sand, silt, or clay. 

Solar constant—The rate at which the earth is receiving energy from the sun. 
The solar constant is about 2 calories/cm*/min. 

Solar flare—Lighter regions observed on the sun’s surface, near sunspots. 
They cause auroras. 

Solar prominence—Masses of material escaping from the surface of the sun. 
They are often shaped like loops. 

Solar system—The sun and all sky objects which are influenced by the sun’s 
gravity. For example: planets, moons, meteors, and comets. 

Specific gravity—The ratio of the weight of a substance compared to the 
weight of an equal volume of water. 

Spore—Reproductive cell of plants such as fungi. These cells develop into 
new fungi plants. 

Spring tides—Tides during the time of month when the moon is in the full or 
new moon phases. 

Stalactite (sta-LAK-tite)—Icicle-shaped deposits of minerals hanging from 
the roofs of caves. 

Stratosphere (STRAT-uh-sfihr )—Region of the atmosphere above the tropo- 
sphere. This is the region of steady winds in clear, dry, cold air. 

Supercooled—Cooled below the freezing point without freezing actually 
occurring. 

Supersaturated—Having more chemical dissolved in the solution than the so- 
lution can normally hold at that temperature. 

Suspension (sus-PEN-shun)—A mixture of tiny particles in a liquid. The 
motion of liquid molecules helps keep the solid particles from settling 
out, 

Syncline (SING-klyn)—A downward fold of rock layers. 


Talus (TAY-lus)—Sloping pile of loose rocks at the bottom of a cliff. The 
rocks fell from the face of the cliff. 

Terrace—Sloping beach area produced from eroded sea cliff material. 

Topographic map—Map using contour lines to show land features (hills, 
valleys ). 
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Tropopause (TROP-oh-poz )—That part of the atmosphere that is the bound- 
ary between the troposphere and the stratosphere. 

Troposphere—The lower region of the atmosphere where clouds, weather 
changes, and variable winds exist. Temperatures drop as altitude in- 
creases. 

True horizon—The horizon as viewed by an observer at sea, out of sight of 
land. 


Ultraviolet (ul-tra-VY-uh-let )—Invisible radiation which has a shorter wave- 
length (longer frequency) than violet light. 

Unconformity—Eroded bedrock which has been covered by younger sedi- 
mentary rocks. 


Van Allen radiation belts—Regions encircling the earth, containing many 
charged particles. 

Vertical line—Line lying in the direction of the pull of gravity. 

Volcanic rocks—Igneous rocks cooled on or near the earth’s surface. 

Vortex—A whirlpool in a fluid, such as air. 


Water of crystallization—Water which can be freed from hydrated com- 
pounds by the use of heat. Hydrated copper sulphate (CuSO, - 5H,O) has 


five water of crystallization molecules for each molecule of copper sulphate. 
Weathering—The breaking apart of rock materials by the action of wind, air, 
water, heat, frost, and chemical action. 
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Abrasion of rocks, 283 

Acceleration, calculating, 151; 
mass and, 196; Newton on, 
155; of pendulums, 154; of 
planets, 181 

Acetic acid, dilute, making, 
422; in testing soil, 323 

Adhesion, defined, 317; of 
water to glass, 317-318 

Advection fogs, 31 

Agar, making, 422 

Agate, 228 

Air, composition of, 18; as a 
conductor, 55; at the equa- 
tor, 101; in forming clouds, 
33; gases in, 18-20; meas- 
uring temperature of, 86; 
microclimates in, 94-97; 
molecules of, 17; radiation 
absorbed by, 57; relative 
humidity of, 26-27; satu- 
rated, 25; in soil, 311; 
weight of, 35; See also At- 
mosphere 

Air masses, 68—69 

Albite, 224 

Aldebaran, brightness of, 117, 
132; locating, 132 

Alfalfa, nodules of, 322; soil 


pH for, 327 

Algae, 331 

Alluvial cones, topographic 
maps of, 410 

Alluvial fans, 293;  topo- 


graphic maps of, 410-411 

Altair, 132 

Altitudes, climate and, 99; 
high, density and, 39; man 
at, 38-39; oxygen and, 39; 
pressure at, 38; tempera- 
tures in, 41 

Aluminum, general data on, 
423 

Amber (mineral), 344 

Amethysts, 228-229, 240 

Ammonia, in the atmosphere, 
19; in soil, 88 

Ammonium, colloidal _parti- 
cles and, 324 

Analogies, use of, 172, 246 

Andromeda Galaxy, 193 
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Index 


Anemometers, 76, 110; mak- 
ing, 78 

Angle of rest, of talus, 278- 
279 

Angles of elevation, measur- 
ing, 115, 118; of the moon, 
134; of the North Star, 
118-119; 123-124: of the 
sun, 127-129 

Animals, of the past, carbon- 
ized, 344; inferences from 
incomplete remains, 340- 
341; original remains of, 
344; petrified, 345; recon- 
structing, 356-365; shells, 
346-353; tracks of, 338- 
339; predators, 828-329; in 
soil, 329-330; soil tempera- 
tures and, 314; as a source 
of sediment, 242; See also 
names of animals 

Annular eclipses, 190 

Anthracite, 267 

Anticlines, 383 

Ants, decay from, 330; food 
for, 329; preparing an ob- 
servation nest, 335; soil 
temperature and, 314 

Apatite, 213 

Aphelion, 181 

Apogee, 188 

Aquarius, 132 

Aquila, 132 

Argon, in the atmosphere, 20; 
general data on, 423; glow 
of, 20 

Arid climates, 103 

Aristotle, 166 

Ash of volcanoes, 389 

Asparagus, soil pH for, 327 


Astronauts, walk in space, 
Wag 
Atmosphere, absorption by, 


54; altitude and density, 
39; ammonia in, 19; argon 
in, 20; barometer readings 
of, 37; boundary of, 17; 
carbon dioxide in, 20; dust 
in, 21-23; hygroscopic, 32; 
from outer space, 23; radio- 
active, 23; sky colour in, 21; 


sources of, 22: electrical ex- 
citation, 20; as a heat trap, 
57; heating the, 54-59; by 
conduction, 85; height of, 
17; helium in, 20; the ion- 
osphere, 40, 43; measuring 
density, 35; measuring 
pressure, 36; neon in, 20; 
nitrogen in, 19; oxygen in, 
18-19, 39; ozone in, 19; 
the ozone layer, 43; pres- 
sures at high altitudes, 38- 
39; primary circulation in, 
66; of soil, 88; the strato- 
sphere, 40-42; temperatures 
in, 41; the tropopause, 40- 
41; the troposphere, 40-42; 
the upper, 40-43; water in, 
24-34: clouds, 33; dew, 29; 
dew point, 28; evaporation, 
24-25; fogs, 30-31; frost, 
29; hygroscopic dust, 32; 
rain, 34; relative humidity, 
96-27; saturation, 25-26; 
See also Air 

Atoms, general data on, 422— 
423: of minerals, 226 

Auger shells, 343 

Auriga, 117 

Aurora Borealis, 164 

Auroras, 164-165 

Austrinus, 132 

Aventurine, 229 

Azaleas, soil pH for, 327 


Bacteria in soil, 331 

Barium chloride solution, 
making, 422; in testing soil, 
ela 

Barometers, 36; aneroid, 37; 
graph of a hurricane by, 65 

Basalt, 257; in formation of 
schist, 265; weathering of, 
261 

Bay bars, 299 

Bedding, of rocks, 275 

Beds, of sediments, 291 

Betelgeuse, 132 

Bibliography, 428 

Big Dipper, brightness of, 
117; finding, 116-117 


Biotite, 225 

Birds, earliest known, 361 

Bituminous coal, 267 

Black iron ore, See Magnetite 

Blast furnaces, making, 239 

Blueberries, soil pH for, 327 

Bode, Johann, 186 

Bones, inferences from, 359, 
3863 

Boron in plants, 320 

Brachiopods, 350-351, 372 

Brazil current, 106 

Breccia, 245; identifying, 244; 
volcanic, 256 

Breezes, See Winds 


Calcite, 210, 274; cleavage 
of, 214, 224- hardness of, 


213; properties of, 225; 
testing for, 264 
Calcium, colloidal particles 


and, 324; general data on, 
423; in plants, 320; in soil, 
326 

Calcium bicarbonate, 250, 
274; in formation of lime- 
stone caves, 252, 253; pro- 
duction of, 251; in water, 
Tey 

Calcium carbonate, 223; in 
coral reefs, 249; deposits 
of, 233; in formation of 
limestone caves, 252, 253: 
in formation of marble, 
264; in limestone, 248; pre- 
cipitation of, 250; in pro- 
ducing calcium _bicarbon- 
ate, 251; in producing car- 
bonic acid, 251; in rocks, 
246; in sea water, 234; in 
water, 248 

Calcium hydroxide, 223; in 
making conglomerate, 247 

Calcium oxide, 223; making, 
234 

Calcium sulphate, in sea water, 
234; in water, 232 

California current, 106 

Calories from sunlight, 50 

Cambrian period, 367 

Cancer (constellation), 132 

Canis Major, 132 

Canis Minor, 132 

Canyons, 284 

Capella, 117 


Capillary action, explained, 
318; in soil, 318 

Capricornus, 132 

Carbon, general data on, 423; 
in limestone, 248; in plants, 
320; in rocks, 244 

Carbon dioxide, in feldspar, 
260; from humus, 310; in 


soil, 88 
Carbonate in soil, 323 
Carbonic acid, producing, 
251 


Carbonization, 344 

Cassiopeia, 117 

Castor Pollux, 132 

Casts, of leaves, 
shells, 343 

Cauliflower, soil pH for, 327 

Caves, deposits, 253; lime- 
stone, 252-253 

Cedar Creek Alluvial Fan, 
Montana, topographic map 
of, 410-411 

Cells, convection, 60; clouds 
in, 64 

Celsius scale, 427 

Cement, portland, 223 

Cements, in sedimentary 
rocks, 246 

Cenezoic era, 367, 372, 381; 
fossils, of, 385; volcanoes 
in, 390 

Centre of mass, 148, 149 

Centipedes, food for, 329 

Cephalopods, 348-349, 372 

Cepheus, 117 

Ceres (planetoid), diameter 
of, 186; discovery of, 186 

Cetus, 132 

Chalcedony, 212 

Chalk, composition of, 249 

Chemical compounds, reduc- 
tion of, 220 

Chemicals, precipitation, 250; 
weathering by, 274-281; 
See also names of chemi- 
cals 

Chemistry of the soil, 320- 
327 

Chezzetcook, Nova _ Scotia, 
topographic map of, 404 

Chloride, in soil, 323 

Chlorine, general data on, 
423; in plants, 320 

Chlorophyll, absorption of ra- 
diation by, 84 

Cicades (locusts), soil tem- 
peratures and, 314-315 


219: of 


Cilia of brachiopods, 351 

Circumpolar constellations, 
125 

Citrine, 228 

Clams, 346-347 

Clay, bedded, 243; composi- 
tion of, 244; in feldspar, 
260; in limestone, 248; lu- 
brication of, 279; magnified 
particles of, 306 

Cleavage of minerals, 214, 
224; measuring the angle 
ObN200 

Cliffs, erosion of, 276 

Climates, absorption by chlor- 
ophyll and, 84; absorption 
of solar energy and, 82; al- 
titudes and, 99; atmospher- 
ic heating by conduction, 
85; in a burrow, 89; change 
in relative humidity, 86; 
classifications of, 103; deep 
sea, 104-105; equatorial, 
100; evaporation and, 25; 
high pressure belts, 101; in- 
fluence of mountain ranges, 
102; latitude and, 98; ma- 
jor world, 98-103; measur- 
ing air temperatures, 86; 
the nature of, 82-86; near 
water, 96; in North Ame- 
rica, 103; ocean currents 
104-107; reflected radia- 
tion, 83; on a rock, 95; on 
slopes, 94; temperatures of 
sunlit surfaces, 82-83; tidal 
zone, 104; See also Micro- 
climates; Weather 

Clouds, in convection cells, 
64; cumulus, 33; how 
formed, 33; making, 32; re- 
flections from, 58; shapes 
of, 33 

Clover, nodules of, 322 

Coal, 266; anthracite, 267; 
atoms of, 226; bituminous, 
267; formation of, 242, 
266-267, 344; lignite, 267 

Cobalt chloride paper, mak- 
ing, 422 

Cobalt chlorine paper, testing 
saturation of air by, 25 

Cold fronts, 70-71, 73, 75, 
80; making a model of, 79 

Colloidal particles, 324, 326 
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Colour of minerals, 212 

Comets, 141; orbits of, 187 

Compaction of soil, 312-313 

Compasses, 162; in finding 
true north, 116 

Compost piles, 332 

Conduction, atmospheric heat- 
ing by, 85; in soil, 88; by 
water, 90 

Conductors, air as, 55 

Conglomerate, 245; identify- 
ing, 244; making, 247 

Constellations, brightness of, 
117; circumpolar, 125; find- 
ing, 116-117 

Continental climates, 103 

Contour lines of topographic 
maps, 402, 404-405 

Contour intervals of 
graphic maps, 403 

Convection, in a lake, 92-93 

Convection cells, 60; clouds 
in, 64 

Copernicus, Nicolaus, 179 

Copper, in plants, 320; pro- 
duced from cuprite, 237 

Copper sulphate, measuring 
growth of, 237 

Coquina, 248 

Coral reefs, 
fossil, 376 

Core of the earth, 160 

Corn, soil pH for, 327 

Corona of the sun, 191 

Corona Borealis, 117 

Corundum, 213 

Cottonwood Canyon, Colo- 
rado, topographic map of, 
406-407 

Cranberries, soil pH for, 327 

Crater Lake, Oregon, topo- 
graphic map of, 416-417 

Creep, process of, 281 

Cretaceous period, 367 

Crinoids, 354, 372 

Crystalline minerals, 226 

Crystals, formation of, 263; 
growing, 227; in schist, 
265; in slate, 265 

Cultures of micro-organisms in 
soil, 331 

Cumulus clouds, 33 

Cuprite, producing 
from, 237 

Currents, ocean, 106-107 

Cyclonic storms, 70-71 


topo- 


249, 352-353; 


copper 
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Deceleration of plants, 181 

Deep sea climates, 104-105 

Degrees, 115; between ob- 
jects in the sky, 118 

Dehydration, of gypsum, 218; 
of limonite, 221 

Delphinus, 132 

Deltas, 292; ancient, 375- 
381; topographic maps of, 
412 

Deneb, 117 

Densification of rocks, 263 

Density in the atmosphere, al- 
titude and, 39; measuring, 
So 

Dependent variables, 10 

Deposition, dating by, 374 

Devonian period, 367 

Dew, 29 

Dew point, the, 28 

Diameters, of Ceres, 186; of 
the moon, 137, 188; of the 
sun, 181 


Diamonds, atoms of, 226; 
hardness of, 213 
Dinosaurs, habits of, 364; 


tracks of, 339 

Dioramas, 367 

Diorite, 257 

Discontinuities of the earth’s 
interior, 161 

Donaldsville, Louisiana, topo- 
graphic map of, 409 

Draco, 117 

Drumlins 
394 

Dry-bulb thermometers, 27 

Dust, in the atmosphere, 21— 
23; hygroscopic, 32; radia- 
tion scattered by, 58; radio- 
active, 23; sky colour and, 
Alt 

Dust cloud theory, 16 


(glacial ridges), 


Earth, the, at aphelion, 181; 
compass observations, 162; 
crust of, minerals in, 224; 
diameter of, 131; distance 
from the moon, 137; dis- 
tance from the sun, 131; 
gravity of, escaping, 202; 
heat budget of, 59; interior 
of, 158-161; composition of 
161; core, 160; discontinui- 
ties, 161; mantle, 160, 161; 
seismograph studies, 158— 


159; theory of, 160; mag- 
netic fields, 163; motion of, 
precession of, 171-172; sea- 
sons and, 170-171; North 
Pole of, 116; orbit of, 131, 
149, 181, 184, 207; scale 
model, 184; orbits around, 
178-179; at perihelion, 
181; photographs from 
rockets, 145, 167; radiation 
reflected by, 58; revolu- 
tions of, 130; rotation of, 
122-123; scale model of, 
137; shadow of, 166; shape 
of, 156; scale model of, 
157; tides, 152-153; time 
zones, 167; Van Allen radi- 
ation belts, 165 

Earth-Moon system, the, 149 

Earthquakes, measuring, 158— 
160; rock faults and, 386; 
shadow zone of, 159-160 

Earthshine, 137 

Earthworms, decay from, 330 

Eastern Canada, forest areas 
of, 309 

Eclipses, 189-191; annular, 
190; lunar, 189, 190; solar, 
189-191 

Ecliptic, the, 131 

Einstein, Albert, 14, 147 

Electrolysis, of magnesium, 
235; of sodium chloride, 
OT. 

Elements, combined, 423; 
free, 423; symbols of, 423; 
table of, 423 

Ellipses, 180; eccentric, 180; 
focus of, 180 

Elliptical orbits, 180 

End moraines (glacial depos- 
its), 395, 396 

Energy, atmospheric absorp- 
tion of, 54; distribution in 
the spectrum, 53; of infra- 
red radiation, 52; radiant, 
50; from sunlight, 50-53; 
transfer by evaporation, 
55; value of sunlight, 50 

Energy, Mines and Resources, 
Department of, Ottawa, 419 

Eocene period, 367 

Epicycles, 179 

Epsom salt, in making arti- 
ficial rocks, 246 

Equator of earth, air at, 101; 
forests at, 100 

Equator of the sky, locating 
the, 124 

Equatorial climates, 100 


Equatorial counter current, 
106 

Erosion, cause of, 316; of a 
cliff, 276; dating by, 374; 
glacial, 391; of limestone, 
251; by ocean waves, beach 
deposits, 299; lagoons from, 
299: sea cliffs from, 297; 
terraces from, 297; by 
streams, 282-295; abrasion 
of rocks, 283; alluvial fans 
from, 293; deltas from, 292; 
on gentle slopes, 294; 
gorges and canyons from, 
284: mountain, 288-289; 
oxbow lakes from, 295; pot- 
holes from, 284; seasonal 
changes and, 289; slope 
and velocity in, 286, 287, 
290; transportation of rock 
particles, 282; valley, 288- 
289; valley widening, 294; 
water volume in, 286; wa- 
terfalls from, 285; weather- 
ing, 274-281; chemical, 
274; creep from, 281; ex- 
foliation, 275; frost action, 
275; landslides from, 280; 
mudflows and _ slumping, 
279; by wind, rock abra- 
sion, 296; sand dunes from, 
298 

Erratics (rocks), 393 

Escape velocity, 202 

Eskers, 393 

Evaporation, in the atmos- 
phere, 24-25; climate and, 
25; cooling effect, 24; en- 
ergy transfer by, 55 

Evening “star,” 133 

Exfoliation, 275 

Experimental Research, the 
atmosphere, 44-45;  cli- 
mates and microclimates, 
108-110; erosion and _ its 
effects, 300-301; life in the 
past, 366; minerals and 
their uses, 235-237; the na- 
ture of soils, 333-334; rocks 
and their changes, 269- 
270; watching the sky, 
139-141; weather and its 
causes, 76-77 

Experiments, analogies used 
in, 246; assumptions in, 
311; controlled, 11; objects 


in orbit, 205-207; plan- 
ning, 11; variables in, 10 


Fahrenheit scale, 427 

Falling bodies, behavior of, 
150 

Faults of rocks, 386; earth- 
quakes and, 387; slicken- 
sides, 387 

Feldspar, 209, 274; changes 
in, 260-261; chemical for- 
mulas for, 224; cleavage of, 
224; hardness of, 213; iden- 
tifying, 258; lustre of, 212; 
properties of, 224 

Felsite, 257 

Fields, microclimates of, 97 

Flood plains, 406 

Flowstone, 253 

Fluorite, 240; hardness of, 
Balle) 

Fogs, advection, 31; defined, 
30; producing, 30; radia- 
tion, 30-31 

Folds of rocks, anticlines, 383; 
geosynclines, 384; moun- 
tain ranges, 384; produc- 
ing, 382; synclines, 383 

Foliation, defined, 263; de- 
velopment of, 263; in iden- 
tifying rocks, 264 

Fomalhaut, 132 

“Fool’s gold,” See Pyrite 

Force, effect on velocity, 196 

Forests, at the equator, 100 

Fossils, carbonization and, 
344; as clues to the past, 
338-341; coral reefs, 376; 
how formed, 342-345; in- 
ferences from, 338-341; in- 
terpreting, 346-355; petri- 
fication and, 345; recon- 
structing, 356-365; shells 
and, 346-353; various ex- 
planations of, 337; volcanic 
activity and, 390 

Foucault pendulum, 168-169 

Fracture, of minerals, 214 

Freezing water, 231 

Fronts (weather), 70-73, 75, 
80; making a model of, 79 

Frost, 29; in weathering, 275 

Fungi, 330, 331 


Gabbro, 257 
Galaxies, 141, 192-193 


Galena, 210; producing lead 
from, 237 

Garnets, 209 

Gases, in the atmosphere, 18— 
20; glows of, 40; in light- 
ning, 19, 20; in soil, 88; 
vortex of, 62 

Gastropods, 348, 372 

Gel, in rocks, 246; 
247 

Gemini (constellation), 132 

Gemini (space capsule), 40, 
205 

Gems, cutting, 229 

Geode, 240 

Geologic maps, 380-381 

Geologic time, 372-374; dep- 
osition in, 374; eras, 372— 
374; erosion in, 374; radio- 
active dating, 374 

Geosynclines, 384 

Geyserite, 233 

Geysers, 233 

Glaciated valleys, topographic 
maps of, 413 

Glaciers, cirques, 392; depos- 
its of, 393; erosion by, 391; 
ice flow, 394; map of, 396; 
moraines, 395-396; track- 
ing, 394-395; troughs, 392 

Glass, adhesion of water to, 
317; making, 271 

Glossary, 429-434 

Gneiss, formation of, 
identifying, 264 

Gold, general data on, 423 

Gorges, 284 

Granite, 257; analysis of, 258; 
cleavage of, 224; identify- 
ing, 258; weathered, 261 

Graphite, 210; atoms of, 226; 
feel of, 213 

Graphs, to calculate speed, 
151; diameter of the moon, 
188; energy in sunlight, 53; 
of a hurricane, 65; paths of 
projectiles, 203; of rainfall, 
102, 103; reflected radia- 
tion, 83; saturation of air, 
26; of temperatures, 103; 
soil, 88; water, 105; veloc- 
ity of projectiles, 195, 196 

Gravity, 147, 150; of earth, 
escaping, 202; laws of, 185; 
pendulums and, 155; tides 
and, 152 


silica, 


264; 
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Greenhouse effect, the, 57 

Gypsum, 210; dehydrating, 
218; hardness of, 213; 
properties of, 218; uses of, 
218 

Gyroscopes, precession, 171; 
stability of, 170 


Halite, 210; cleavage of, 214; 
properties of, 217 

Halley’s Comet, 141, 187 

Hard water, 232-233 

Hector Lake, Alberta-British 
Columbia, topographic map 
of, 413 

Helium in the atmosphere, 20 

Hematite (red iron ore) 209, 
240, 261; chemical formula 
for, 220; composition of, 
209; in making pink talcum 
powder, 216; properties of, 
220; reducing, 220; rock 
colour and, 244; streak of, 
212 

Hercules (constellation), 117 

Hidalgo (planetoid), orbit of, 
187 

High tides, 152-153 

Histograms, 301 

Holy Cross, Colorado, topo- 
graphic map of, 400 

Horizon, the, 114, 118 

Horizontal lines, 114, 115 

Hot springs, 233 

Humboldt current, 106 

Humid climates, 103 

Humidity, relative, 96-27; in 
burrows, 89; changes in, 
86 

Humus, 310, 332; making, 
332 

Hurricanes, 65 

Hydra, 132 

Hydrangeas, pH of soil and, 
325 

Hydrated calcium 
218 

Hydrated iron oxide, 244 

“Hydrated lime,” 223 

Hydration of plaster of Paris, 
PAG) 

Hydrion paper, 333, 334 

Hydrochloric _ acid, making, 
422. in making silica, 247; 
in measuring the purity of 
limestone, 251; in mineral 


sulphate, 
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tests, 215; in testing for cal- 
cite, 264 

Hydrogen, colloidal particles 
and, 324; general data on, 
423; in plants, 320; in soil, 
326 

Hydrogen sulphide in soil, 88 

Hydroponics, 333 

Hygrometers, 27; making, 44, 
46 

Hygroscopic dust, 32 

Hypotheses, causes of ocean 
currents, 107; of earth sci- 
ence, testing, 13; the prob- 
lem of proof, 12-13; pro- 
posing, 9; testing, 9; by 
prediction, 12; theories 
and, 9-16 


Ice, specific gravity of, 231 

Ice flow, 394-395 

Igneous rocks, 254-261; ana- 
lyzing, 258-259; changes in 
feldspar, 260-261; changes 
in iron oxides, 261; defined, 
254; density of, 259; de- 
termining specific gravity 
of, 259; effect of cooling 
rate, 255; identifying min- 
erals in, 258-259; magma, 
254-255; plutonic, 257— 
259; two groups of, 254; 
volcanic, 256-257; weath- 
ering of, 260, 261 

Independent variables, 10 

Inertia, 146-147 

Inferences, 338; from bones, 
359, 363; checking, 363; 
from incomplete remains, 
340-341; in reconstructing 
animals, 357; from _ teeth, 
362-363 

Infrared radiation, See Radia- 
tion, infrared 

Insects, decay from, 330; of 
the past, original remains 
of, 344; in soil, 329 

Investigations and _ Projects, 
the atmosphere, 46-47; cli- 


mates and _ microclimates, 
110-111; the earth in 
space, 173-175; erosion 


and its effects, 302; hy- 
potheses and theories, 16; 
life in the past, 367; min- 
erals and their uses, 238- 


239: the nature of : soils, 
334-335; record of the 
rocks, 397-398; rocks and 
their changes, 270-271; 
watching the sky, 141-143; 
topographic maps, 418- 
421; weather, 78-79 

Ionosphere, the, 40, 43 

Ions, 423; colloidal particles 
and, 324, 326; in soil, cal- 
cium, 326; carbonate, 323; 
chloride, 323; hydrogen, 
326; sulphate, 322-323; tests 
for, 323; water and, 324 

Iron, general data on, 423; in 
plants, 320 

Iron oxides, 246, 261 

Iron sulphate, pH of soil and, 
325 

Isobars, 74 

Isotherms, 98 


Jasper, 228 

Jet stream, 42 

Johnson Canyon, Colorado, 
topographic map of, 405 

Joints, of rocks, 275 

Jupiter, diameter of, 131; dis- 
tance from the sun, 131; 
observing, 133; orbits of, 
131, 133, 207; scale model, 
184; shape of, 156-157 

Jurassic period, 367 


Kames, 393 

Kepler, Johannes, 180-183 
Kettles (glacial pits), 393 
Kiln, rotating, 223 
Kuroshio current, 106 


Lagoons, 299 

Lakes, autumn cooling, 92- 
93; autumn overturn, 93; 
oxbow, 295; spring warm- 
ing, 93; summer conditions 
in, 92; winter conditions in, 
93 

Land breezes, 61 

Landslides, 280 

Latitude, climate and, 98; sky 
view and, 125; sun’s path 
and, 129 

Lava, 254, 256-257, 389 

Laws, of gravity, 185; of mo- 


tion, See Motions, laws of; 

Newton’s, 146-147, 157; of 

planetary motion, 180-183 
Lead, general data on, 423; 

produced from galena, 237 
Lead ore, See Galena 


Leaves, making casts and 
moulds of, 219 

Leo, 132 

Levees, natural, 409; topo- 
graphic maps of, 409 

Lichens, 95 


Light, dust and, 21 

Light years, 192 

Lightning, gases in, 19, 20 

Lignite, 267 

Lime, making, 223 

Limestone, 245; ancient coral 
reefs in, 376; caves, 252— 
253; by chemical action, 
250; colour of, 244; compo- 
sition of, 248; dissolving, 
251; erosion of, 251, 285; 
in formation of marble, 
264; from living things, 
248; in making calcium ox- 
ide, 234; measuring the pu- 
rity of, 251; shell, 248 

Limey-sandstone, 244 

Liming acidic soils, 327 

Limonite, 261, 274; chemical 
formula for, 221; dehydrat- 
ime 22 histres of, 212: 
properties of, 220-221 

Liquids, vortex of, 62 

Litmus paper, in testing soil, 
325 

Little Dipper, 117 

Loam, 307 

Locusts (cicada), soil tem- 
perature and, 314-315 

Low tides, 152-153 

Lunar eclipses, 189, 190 

Lustre, of minerals, 212 

Lyra, 117 


Magma, 254-255; in chang- 
ing rocks, 262; cooling of, 
255; effect of cooling rate, 
255; kinds of, 254; move- 
ments of, 254-255 

Magnesium, colloidal _ parti- 
cles and, 324; electrolysis 
of, 235; in plants, 320 

Magnesium bromide, 234 

Magnesium chloride, 234 


Magnesium sulphate, 232, 234 
Magnetic dip needles, 163 


Magnetic fields, 162; the 
earth’s, 163 
Magnetite, 210, 213, 240, 


261, 274; identifying, 258 

Magnets in concentrating 
ores, 221; mineral test by, 
Sas 

Magnitude number of stars, 
OL 

Manganese in plants, 320 

Mantle (earth’s), 160, 161 

Mantle (membrane), 346 

Maps, of glaciers, 396; geo- 
logic, 380-381; topograph- 
ic, 400-417; alluvial cones, 


410; alluvial fans, 410; 
buying, 419; Cedar Creek 
Alluvial Fan, Montana, 


410-411; Chezzetcook, Nova 
Scotia, 404; contour inter- 
vals and contour lines, 402 - 
405; Cottonwood Canyon, 
Colorado, 406-407; Crater 
Lake, Oregon, 416-417; 
cross profiles, 406; deltas, 
412; Donaldsville, Louisi- 
ana, 409; glaciated valleys, 
413; Hector’s Lake, Alberta- 
British Columbia, 413; Holy 
Cross, Colorado, 400; John- 
son Canyon, Colorado, 405; 
making, 403; meandering 
streams, 408; Mount Shasta, 
California, 414-415; natu- 
ral levees, 409; of a potato, 
402-403; Rosyth, Alberta, 
408; Souris River, North 
Dakota, 407; St. Clair Flats, 
Ontario - Michigan, 412; 
stream profiles, 406; stream 
slopes, 405; symbols, 401; 
volcanic mountains, 414; 
weather, 74-75 

Marble, cleavage of, 224; for- 
mation of, 264; identifying, 
264 

Marine climates, 103 

Mariner II, 202-203 

Marl, 250 

Mars, diameter of, 131; dis- 
tance from the sun, 131; 
observing, 133; orbits of, 
131, 133, 207; scale model, 
184 


Marsh gas, 266, 267 

Mass, 147; acceleration and, 
196; centre of, 148, 149; 
effect on velocity, 196 

Mean solar day, 182 

Meandering streams, 408 

Meanders, of streams, 295 

Measurements, table of, 426 

Membranes in clams, 346 

Mercury (planet), diameter 
of, 130, 131; distance from 
the sun, 131; orbits of, 131, 
207; scale model, 184; time 
to observe, 133 

Mesozoic era, 367, 372; fos- 
sils of, 385; maps of, 381; 
mountains during, 381; vol- 
canoes in, 390 

Metamorphic rocks, 262-268, 
383; defined, 262; foliation, 
263; identification of, 264— 
265; new materials in, 263 

Meteorologists, 49 

Meteors, 23, 141 

Methane, 266, 267; produc- 
tion of, 268 

Metric system, 425-427; ad- 
vantage of, 426; converting 
from English to, 427; table 
of prefixes, 425 

Mica, 209; cleavage of, 214, 
224; formation of, 263; 
identifying, 258; kinds of, 
O25 

Microclimates, in air, 94-97; 
in soil, 87-89; in water, 
90-93; See also Climates 

Microcline, 224 

Microcrystalline minerals, 228 

Micro-organisms, cultures of, 
331; nitrogen production 
by, 19 

Milky quartz, 228 

Milky Way, 139, 192 

Millibars, 74 


‘Millipedes, food for, 329 


Minerals, 209-240; breaking 
tests, 214; chemical tests, 
215; cleavage of, 214; 
measuring the angle of, 
235; colour of, 212; crystal- 
line, 226; feel of, 213; frac- 
tures of, 214; general ap- 
pearances, 211; hardness 
of, 213; in hot springs, 233; 
identification tests, 212— 
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215; identifying in rocks, 
224; lustre of, 212; magnet 
test, 213; microcrystalline, 
228; noncrystalline, 226; 
record keeping of, 211; 
rock forming, 224-229; 
self-testing, 211; silica fam- 
ily of, 228-229; specific 
gravity of, 215; streaks of, 
212-213; structure of, 226; 
studying differences in, 
211; suddem and slow cool- 
ing of, 227; testing, 236; 
useful properties of, 216— 
223; water as, 230-234 

Miocene period, 367 

Mississippian period, 367 

Mites, 329 

Models, making scale, of the 
earth, 137, 157; of the 
moon, 137; of orbits, 184, 
207; of rockets, 198; for 
seasonal changes, 129; of 
the sky, 122-125; of the 
solar system, 130; of the 
sun, 137; motion of, 127; 
value of, 131; of weather 
fronts, 79 

Moho, the, 161 

Mohole Project, 161 

Mohorovicic discontinuity, 
161 

Molecular theory, 55 

Molecules, of air, 17; of 
ozone, 19 

Mollusks, 348 

Molybdenum in plants, 320 

Monoceros, 132 

Moon, the, angle of elevation 
of, 115, 134; at apogee, 
188; apparent size of, 188; 
changes in, 134-138; di- 
ameter of, 137, 188; dis- 
tance from earth, 137; 
earth’s shadow on, 166; 
earthshine, 137; eclipses 
and, 189-191; exploring by 
telescope, 138; flights to, 
201; observing, 134-135; 
orbits of, 137, 149; penum- 
bra of, 188, 191; at peri- 
gee, 188; phases of, 134— 
137; radiation reflected by, 
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58; scale model of, 137; 
shadow of a model, 188- 
189; tidal bulge away from, 
153; umbra of, 188-189, 
191 

Moraines (glacial deposits ), 
395 

Morning “star,” 133 

Mortar, 223 

Mortar and pestle, making, 
422, 

Motions, causes of orbital, 
185; of the earth, preces- 
sion of, 171-172; seasons 
and, 170-171; of gyro- 
scopes, precession of, 171; 
stability of, 170; laws of, 
146-157, behavior of a fall- 
ing body, 150; calculating 
speed and acceleration, 
151; centre of mass, 148; 
the Earth-Moon - system, 
149; gravity, 147, 150, 152, 
aos inertia, 146-147; 
Newton’s 146-147, 157; 
pendulums, 154-156, 168— 
169; revolving objects, 148; 
shape changes, 157; tides, 
152-153; of planets, 181 

Moulds (casts), of leaves, 219; 
of shells, 342-343 

Moulds (fungi), See Fungi 

Mount Shasta, California, top- 
ographic map of, 414-415 

Mountain winds, 61 

Mountains, folding of, 384; 
influence on climate, 102; 
volcanic, topographic maps 
of, 414-415 

Mudflows, 279 

Muscovite, 225 

Mushrooms, 330 

Mussels, 347, 348 

Mycelium, the, 330 


Natural gas, formation of, 268 

Nautilus, the, 349 

Neap tides, 152 

Nebulae, 141 

Nebular theory, 16 

Nematodes, as microscopic 

soil life, 331 

Neon in the atmosphere, 20 

Neptune, diameter of, 131; 
distance from the sun, 131; 
observing, 133; orbits of, 
131, 133, 207; scale model, 
184 

Newton, Sir Issac, 14, 146, 








150, 155," 185;" laws’ ‘of, 
146-147, 157 

Nickel, general data on, 423 

Nitrogen, in the atmosphere, 
19; general data on, 423; 
glow of, 20; in lightning, 
19; in plants, 320; in the 
soil, 322 

Nitrogen cycle, the, 322 

Nodules, 322 

Noncrystalline minerals, 226 

North America, climates in, 

103 

North equatorial current, 106 

North Pole, 116 

North Star, angle of elevation 
of, 118-119, 123, 124, 167; 
brightness of, 117; finding 
the 116; finding true north 
by, 116; in locating the sky 
equator, 124; in locating 
the sky pole, 124 

Northern lights, 164 

Nuclear bombs, dust in the 
atmosphere from, 23 





Obsidian, 256, 257 

Oceans, climates in, 104-107; 
currents and, 106-107; 
deep sea, 104-105; tidal 
zone, 104; composition of 
water of, 234; oxygen in, 
105 

Octopuses, 348 

Off-shore bars, 299 

Oil (petroleum), formation 
of, 268 

Oligocene period, 367 

Opals, 228, 233 

Ophiuchus, 132 

Orbits, around the _ earth, 
178-179; around the sun, 
179; causes of, 185; of 
comets, 187; of earth, 149, 
181, 184, 207; scale model, 
184; eclipses and, 189-191; 
elliptical, 180; of Jupiter, 
207; scale model, 184; 
man-made objects, 194— 
205; artificial satellites, 197, 
200-201; effect of force, 
196; effect of mass, 196; 
escaping earth’s gravity, 
202; falling bodies experi- 
ment, 194-195; importance 
of, 204; model rocket, 198; 
moon flights, 201; multi- 
stage rockets, 199; paths of 


projectiles, 203; projectile 
experiments, 195; shapes 
of, 200-201; spaceflights, 
201-203; two-stage model 
rocket, 198-199; velocity 
in, 197; of Mars, 207; scale 
model, 184; of Mercury, 
207; scale model, 184; of 
the moon, 149, 188; of 
Neptune, 207; scale model, 
184; of planetoids, 186- 
187; of Pluto, 207; scale 
model, 184; putting an ob- 
ject in, 185; of Saturn, 207; 
scale model, 184; scale 
models, 184, 207; the 
shapes of, 178-183; solar 
system, 184-193; of Ura- 
nus, 207; scale model, 184; 
of Venus, 207; scale model, 
184 

Ordovician period, 367 

Orion, 132 

Ottawa, Department of Ener- 
gy, Mines and Resources, 
419 

Outer space, dust from, 23 

Out-of-class studies, 424 

Outwash (glacial deposits), 
393 

Oxbow lakes, 295 

Oxygen, in the atmosphere, 
18-19, 39; changing to 
ozone, 19; general data on, 
423; in lightning, 19; in 
oceans, 105; in plants, 320; 
in soil, 88 

Oyster shells, in making cal- 
cium oxide, 234 

Oysters, 347, 348 

Ozone, in the atmosphere, 19; 
molecules of, 19; produc- 
ing, 44 

Ozone layer, the, 43 


Paleocene period, 367 

Paleozoic era, 372; maps of, 
380; mountains during, 
381; volcanoes in, 390 

Parallax, 169 

Peat, in formation of coal, 
267 

Pedalfer soils, 326 

Pedocal soils, 326 

Pegasus, 132 

Pelecypods, 348, 372 

Pendulums, 154; changing 
the pull on, 155; the earth’s 
shape and, 156; Foucault, 


168-169; gravity and, 155; 
variables affecting, 154 

Pennsylvanian period, 367 

Penumbra of the moon, 188, 
191 

Peridotite, 257 

Perigee, 188 

Perihelion, 181 

Permian period, 367 

Perseus, 117 

Petrification, 345 

Petroleum, formation of, 268 

pH of soil, 325; plant growth 
and, 327 

Phosphorus in plants, 320 

Pisces, 132 

Planetarium, making a, 142, 
143 

Planetary iotion, Laws of, 
180-183 

Planetoids, 186-187; orbits of, 
186-187 

Planets, acceleration of, 181; 
brightness of, 132; deceler- 
ation of, 181; diameters of, 
131; distance from the sun, 
131; flights to, 202-203; 
locating in the fall sky, 
132: motions of, 181; orbits 
of, See Orbits; revolutions 
of, 130; See also names of 


planets 
Plants, coal from, 242, 266— 
267; essential elements, 


320; deficiences in, 321; 
life zones of, 98, 99; nod- 
ules of, 322; of the past; 
carbonized, 344; inferences 
from incomplete remains, 
340-341; petrified, 345; res- 
toration of, 365; pH of soil 
and, 327; soil compaction 
and, 313; as a source of sed- 
iment, 242; wilting point 
of, 319 

Plaster of Paris, hydrating, 
219; making casts and 
moulds from, 219; mea- 
suring expansion of, 236 

Pleiades, 117 

Pliocene period, 367 

Pluto, diameter of, 131; dis- 
tance from the sun, 131; 
observing, 133; orbits of, 
131, 133, 207; scale model, 
184 


Plutonic rocks, 254, 257-259 

Polar climates, 103 

Porphyry, 257 

Portland cement, 223 

Potassium, colloidal particles 
and, 324; dating by, 374; 
general data on, 423; in 
plants, 320 

Potassium carbonate, in feld- 
spar, 260 

Potassium sulphate, 234 

Potatoes, soil pH for, 327; 
topographic map of, 402— 
403 

Potholes from erosion, 284 

Prairies, grasslands of the, 809 

Precession, 171-172 

Precious opal, 228 

Precipitate, 323 

Precipitation, 250 

Predators, 328, 329 

Pressure, in the atmosphere, 
elevation and, 37; at high 
altitudes, 38; measuring, 
36;. in changing rocks, 262, 
263 

Procyon, 132 

Projectiles, effect of force on, 
196; effect of mass on, 196; 
experiments, 195; paths of, 
203 

Protozoa, as microscopic soil 
life, 331 

Protractors, 115; in measuring 
elevation of the sun, 127; 
in recording direction of 
the sun, 126; in sky-meas- 
uring, 118 

Ptolemy, 178-179. 

Pumice, 256, 257 

Pyrite (fool's gold), 209; 
lustre of, 212; properties of, 
222; roasting, 222 


Quartz, 210; abundance of, 
225; appearance of, 242; 
atoms of, 226; cleavage of, 
924. hardness of, 213; 
milky, 228; properties of, 
225 e226: rose: a22GumoO- 
smoky, 228 

Quartzite, identifying, 264 


Radiant energy, 50 

Radiation, dating by, 374; 
distribution of incoming, 
53; hot body, 56; infrared, 
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52, 53, 54; short and long 
wave, 56; of soil, 56, 87; 
solar, absorption by air, 57; 
absorption by the atmo- 
sphere, 54; absorption by 
chlorophyll, 84; absorption 
by solids, 54-55; absorp- 
tion by various surfaces, 82; 
distribution of, 59; infra- 
red, 84; nature of, 52; re- 
flected, 58, 84; scattering 
of, 58; at sea level, 56—57; 
ultraviolet, 84; theory of, 
52: ultraviolet, 52, 53, 54; 
Van Allen belts of, 165 
Radiation fogs, 30-31 
Radioactivity, dust from, 23 
Radiometers, 50-51 
Radium, dating by, 374 
Rain, 34; erosion and, 316; 
soil differences and, 326 
Rainfall, graphs of, 102, 103 
Rain gauges, making, 77 
Ranger VIII, 201 
Recrystallization of rocks, 263 
Red iron ore, See Hematite 
Reduction, of chemical com- 
pounds, 220 
Regulus, 132 
Relative humidity, 26-27; in 
burrows, 89; changes in, 86 
Research, applied, 204; basic, 
204; experimental, See Ex- 
perimental Research 
Retro-rockets, 201 
Review Questions, the atmos- 
phere, 48; climates and mi- 
croclimates, 112; the earth 
in space, 176; erosion and 
its effects, 303; life in the 
past, 368; minerals and 
their uses, 240; the nature 
of soils, 336; objects in or- 
bit, 208; record of the 
rocks, 398-399; rocks and 
their changes, 272; watch- 
ing the sky, 143; weather 
and its causes, 79-80 
Revolving objects, 148 
Rhododendrons, soil pH for, 
327 


Rigel, 132 
Rockets, model, 198; multi- 
stage, 199; photographs 


from, 145, 167; two-stage 
model, 198-199 
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Rocks, abrasion of, 283, 296; 
age of, 241; comparing, 
371; bedding of, 275; car- 
bon in, 244; changes in, 
causes of, 262; types of, 
263; climate on, 95; coral 
reef in limestone, 376; in 
dating earth movements, 
385; density in identifying, 
259: erratics, 393; faults, 
386; earthquakes and, 387; 
slickensides, 387; folds, an- 
ticlines, 383; geosynclines, 
384; mountain ranges, 384; 
producing, 382; synclines, 
383; formation of natural, 


246; geologic time, 372- 
374; depositions in, 374; 
eras, 373-374; erosion in, 
374; radioactive dating, 
374; glaciation and, 391- 
396; identifying minerals 


in, 224, 258-259; igneous, 
See Igneous rocks; joints, 
975: as lava, 254, 256, 257; 
as magma, 254-255; mak- 
ing artificial, 246; making 
trays for display of, 270; 


metamorphic, See Meta- 
morphic rocks; minerals 
forming, 224-229; move- 


ments of, 382-387; plu- 
tonic, 254, 257-259; sed- 
imentary, See Sedimentary 
rocks; sediments, See Sedi- 
ments of rocks; series of, 
371; specific gravity of, 
959; talus of, 277-278; 
transported by _ streams, 
282; unconformities, 385; 
voleanic, 254, 256-257, 
388-390; weathering of, 
274-281 

Rose quartz, 228-229 

Rosyth, Alberta, topographic 
map of, 408 

Rotifers, 331 


Sagittarius, 132 

Salt, See Sodium chloride 

Sand, analysis of, 225; in 
limestone, 248; in making 
artificial rocks, 246; in mak- 
ing conglomerate, 247; in 
rock abrasion, 296 

Sand dunes, 298 

Sandpaper, making, 238 

Sandstone, 245; animal tracks 


in, 338; bedded, 242; colour 
of, 244; identifying, 244, 
264; strength of, 244; types 
of, 244 

Sandy soils, 306 

Sapphires, 240 

Satellites, artificial, 197, 200- 
201; rocket acceleration of, 
198-199; natural, 197; or- 
bits of, 200-201 

Saturated solutions, in grow- 
ing crystals, 227 

Saturation of air, 25-26 

Saturation curve, 26-27 

Saturn, diameter of, 131; dis- 
tance from the sun, 131; 
observing, 133; orbits of, 
131, 133, 207; scale model, 
184; shape of, 156-157 

Scallops, 347, 348 

Schist, identifying, 265 

Science, analogies used in, 
172; assumptions in, 311; 
laws of, 180; oversimplifica- 
tion in, 34; uncertainties in, 
265 

Scoria, 256, 257 

Sea breezes, 61 

Sea cliffs, 297 

Sea water, composition of, 
234 

Seasons, 170-171; changes in 
the sun’s path, 128-129 

Sedimentary rocks, cements in, 
246; colours of, 244; cracks 
in, 375; defined, 242; dry 
land deposits, 377; identify- 
ing, 244; impure, 244; in 
locating ancient deltas, 379; 
ripple marks in, 378; salt 
as, 242, 377; tracing, 370 

Sediments of rocks, 275, 290— 
292: bedded, 242-243, 291; 
in forming deltas, 292; 
identifying, 244; limestone 
from, 248; producing, 243; 
sorting, 243; sources of, 242 

Seismograms, 159 

Seismographs, 158-160; build- 
ing, 173 

Semiprecious stones, 229 

Serpens, 132 

Shadow zone of earthquakes, 
159 

Shale, 242, 245; colour of, 244; 
in formation of schist, 265; 


in formation of slate, 264; 
strength of, 244 

Shaley-sandstone, 244 

Shell limestone, 248 

Shells, 346-353; casts of, 343; 
moulds of, 342-343 

Shorelines, ancient, 375-381 

Silica, in feldspar, 260; mak- 
ing, 239, 247; noncrystal- 
line, 247 

Silica gel, 247 

Silicon, general data on, 423 

Silicon dioxide, 228, 246, 247; 
deposits of, 233 

Silurian period, 367 

Silt soils, 306 

Silver, general data on, 423 

Silver nitrate, making, 422; 
in testing soil, 323 

Sinks, 252-253 

Siphons (in clams), 347 

Sirius, 132 

Skeletons, assembling, 358; of 
early amphibians, 360; ob- 
taining, 358; reconstruc- 
tion of, 356-357 

Sky, the, daily rotation, 122— 
123; dust and the colour of, 
21; fall appearance of, 132; 
the horizon, 114, 118; 
measuring angles of eleva- 
tion, 115, 118-119; a model 
of, 122-125; circumpolar 
constellations, 125; equator, 
locating, 124; latitude, ef- 
fect of, 125; making a, 123; 
pole, locating, 124; posi- 
tioning, 123; nighttime, 
116; measuring, 118; photo- 
graphing, 120-121; North 
Star, finding, 116; objects 
in, brightness of, 117; 
changes in elevation, 119- 
120; locating, 114-117; our 
view of, 114-122: true 
north, finding, 116; See 
also. Constellations; Moon, 
the; Planets; Solar system; 
Stars; Sun, the 

“Slaked lime,” 223 

Slate, formation of, 264; in 
formation of schist, 265; 
identifying, 264-265 

Slickensides of rocks, 387 

Slumping of soil, 279 

Smoky quartz, 228 


Snails, 348; food for, 329 

Snow, microclimates and, 96 

Sodium, general data on, 423 

Sodium chloride (salt), chem- 
ical formula of, 217; de- 
posits of, 377; electrolysis 
of, 217; in sea water, 234; 
as a sedimentary rock, 242 

Sodium hydroxide, producing, 
Oy 

Sodium silicate, in making 
silica, 247 

Soils, air in, 311; animals in, 
329-330; atmosphere of, 
88; capillary action in, 318; 
cause of erosion, 816; 
classifying, 307; clay, 306- 
307, 311; colloidal particles 
in, 324; compaction of, 
312-313; composition of, 
307; cooling of, 87; cultur- 
ing micro-organisms of, 331; 
depth of, 314; dissolved 
chemicals in, 320; Eastern 
Canada, forest areas of, 309; 
effects of humus, 332; fungi 
in, 330; heat conduction in, 
88; liming, 327; loam, 307; 
making humus, 332; micro- 
climates, 87-89; micro- 
scopic life in, 331; nitrogen 
in, 322; obtaining weight of, 
310; organic matter in, 310; 
peaty meadow, 3809; pe- 
dalfer, 326; pedocal, 326; 
pH of, 325, 327; Prairies, 
grasslands of the, 309; pro- 
files, 808, 809; radiation 
from, 56, 87; rainfall and 
differences in, 326; sandy, 
806-307, 311; silt, 306-807, 
311; slumping of, 279; 
temperatures of, 314; ani- 
mal life and, 314; effect of 
moisture, 315; sloping land 
and, 315; in sun and shade, 
315; testing, for acidic and 
basic, 325; for carbonate 
ions, 323; for chloride ions, 
323; kits for, 323; for sul- 
fate ions, 322-323; texture 
of, 306; water in, 310; 
classification of, 319; ions 
and, 324; penetration of, 
816; retention of, 317; 
Western Canada, forest 
areas of, 309 


Solar constant, the, 50 

Solar days, 182; length of, 
183 

Solar eclipses, 189-191 

Solar flares, 164, 165 

Solar noons, 182 

Solar prominences, 164 

Solar radiation, See Radiation, 
solar 

Solar system, the, 130-133; 
data on planets, 131; the 
ecliptic, 131; orbits of, 
184-193; a scale model of, 
130; See also Constella- 


tions; Earth, the; Moon, 
the; Planets; Stars; Sun, the 
Solutions, saturated, 227; 


supersaturated, 227 

Souris River, North Dakota, 
topographic map of, 407 

South equatorial current, 106 

Soybeans, nodules of, 322 

Space, astronaut’s walk in, 
tat 

Spacecrafts, 40, 205; accelera- 
tion of, 198-199; escape 
velocity, 202; flights to the 
moon, 201; flights to Venus, 
202-203; paths of, 203 

Specific gravity, of ice, 231; 
of minerals, 215; of rocks, 
259 

Speed, calculating, 151 

Spica, 132 

Spiders, food for, 329 

Spinach, soil pH for, 327 

Spores of fungi, 330 

Spring tides, 152 

Springtails, food for, 329 

Squids, 348 

Stalactites, 253 

Stalagmites, 253 

Star clusters, 141 

Stars, angle of elevation of, 
115, 118-119; brightness 
of, 117, 132; elevation of, 
167; locating, 115-117, 
132; magnitude numbers 
of, 117; nearest to the sun, 
130; trails of, 120-121; See 
also names of stars 

St. Clair Flats, Ontario-Michi- 
gan, topographic map of, 
412 

Storms, See Weather 

Stratosphere, the, 40, 41, 42; 
circulation in, 66 

Streams, erosion by, 282-295; 
abrasion of rocks, 283; al- 
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luvial fans from, 293; deltas 
from, 292; on gentle slopes, 
294; gorges and canyons 
from, 284; mountain, 288- 
289; oxbow lakes from, 
295; potholes from, 284; 
seasonal changes and, 289; 
slope and velocity in, 286, 
287, 290; transportation of 
rock particles, 282; valley, 
288-289; valley widening, 
294; water volume in, 286; 
waterfalls from, 285; me- 
andering, 408; profiles of, 
406; slopes of, 405; topo- 
graphic maps of, 405-408 

Subpolar climates, 103 

Subsoil, 309 

Substratum, 309 

Subtropical climates, 103 

Sulphate in soil, 322-323 

Sulphur, general data on, 423; 
in plants, 320 

Sun, the, angle of elevation 
of, 127-129; corona of, 191; 
diameter of, 131, 181; di- 
rection of, 126; distance 
from the planets, 131, 186; 
eclipses and, 189-191; mo- 
tions of, 126-129: a model 
of, 127; seasonal changes 
in, 128-129; studying, 127; 
nearest star to, 130; orbits, 
131; orbits around, 179; 
path of, 193 

Sundials, 142 

Sunlight, energy from, 50-53; 
graph of, 53; value of, 50; 
making a recorder of, 79; 
temperatures of surfaces in, 
82-83 

Supercooled water, 231 

Supersaturated solutions, 227 

Suspensions of water and 
tiny particles, 290 

Sweet clover, soil pH for, 
SPIT 

Synclines, 383 


Talc, 209; hardness of, 213; 
properties of, 216 

Talcum powder, making, 216 

Talus of rocks, 277-278 
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Atgameaits, Ae ies 

Teeth, inferences from, 362- 
363 

Telescopes, 115; exploring the 
moon by, 138; making a 
simple two-lens, 139 

Telstar I, 205 

Temperatures, in the atmos- 
phere, 41; in burrows, 89; 
in changing rocks, 262, 263; 
dew point and, 28; in form- 
ing clouds, 33; graphs of, 
103; measuring air, 86; sat- 
uration of air and, 25, 26; 
scales of, 427; Celsius, 427; 
conversions, 427; Fahren- 
heit, 427; of soils, 314; ani- 
mal life and, 314-315; ef- 
fect of moisture on, 315; 
sloping land and, 315; in 
sun and shade, 315; of sun- 
lit surfaces, 82-83; water, 
graph of, 105 

Termites, decay from, 330; 
food for, 329 

Theories, Bode’s, 186; de- 
fined, 14; discarded, 14; 
dust cloud, 16; in earth sci- 
ence, 15; of earth’s interior, 
160; of Einstein, 147; of 
hurricanes, 65; hypotheses 
and, 9-16; molecular, 55; 
nebular, 16; popular, 14— 
15; of radiation, 52; rival, 
15; of rock movement, 382; 
tidal, 16 

Thermistor circuits, 108-109 

Thermometers, dry-bulb, 27; 
in measuring air tempera- 
tures, 86; in measuring dew 
point, 28; in measuring 
evaporation, 24; wet-bulb, 
27; making a, 24 

Thought Questions, the at- 
mosphere, 48; climates and 
microclimates, 112; the 
earth in space, 176; erosion 
and its effects, 304; life in 
the past, 368; minerals and 
their uses, 240; the nature 
of soils, 336; objects in or- 
bit, 208; record of the 
rocks, 399; rocks and their 
changes, 272; watching the 
sky, 144; weather and _ its 
causes, 80 


Thunderstorms, 64 

Tidal theory, 16 

Tidal zone climates, 104 

Tides, gravity and, 152; high, 
152-153: low, 152-153. 
neap, 152; range of, 152; 
spring, 152 

Tiger eye, 229 

Time zones, 167 

Tiros VI, 205 

Tomatoes, soil pH for, 327 

Topaz, hardness of, 213 

Topographic maps. See Maps, 
topographic 

Topsoil, 309 

Tornadoes, 63 

Travertine, 233 

Trees, creep and, 281 

Triassic period, 367 

Trilobites, 355, 371, 372 

Tropical climates, 103 

Tropopause, the, 40, 41 

Troposphere, the, 40, 41, 42 

True north, locating, 116 

Tuff, volcanic, 256 

Tyrannosaurus rex 
saur), 364 


( dino- 


Ultraviolet light, testing min- 
erals with, 236 

Ultraviolet radiation, 52, 53, 
54, 84 

Umbra of the moon, 188-189, 
191 

Unconformities in rocks, 383 

Uranium, dating by, 374 

Uranus, diameter of, 131; dis- 
covery of, 186; distance 
from the sun, 131; obsery- 
ing, 133; orbits of, 131, 
133, 207; scale model, 184 


Valleys, topographic maps of 
glaciated, 413 

Van Allen radiation belts, 165 

Variables, dependent, 10; in- 
dependent, 10 

Vega, 117 

Velocity, effect of force on, 
196; effect of mass on, 196; 
escape (from earth), 202; 
orbital, 197; of projectiles, 
195 


Venus, diameter of, 131; dis- 
tance from the sun, 131; 
flights to, 202; orbits of, 
131, 207; scale model, 184; 
radiation reflected by, 58; 
time to observe, 133 

Vermiculite, as a heat insula- 
tor, 236; properties of, 222 

Vertical lines, 118 

Virgo, 132 

Volatile products of wood, 
266 

Volcanic mountains, topo- 
graphic maps of, 414-415 

Volcanic rocks, 254, 256-257 

Volcanoes, 256; activity of, 
388; periods, 390; shapes 
of, 389 

Vortex formations, 62 


Warm fronts, 70-72, 75, 80; 
making a model of, 79 

Water, adhesion to glass, 317, 
318; angle of rest of talus 
and, 279; in the atmos- 
phere, 24-34; clouds, 33; 
dew, 29; dew point, 28; 
evaporation, 24-25; fogs, 
30-31; frost, 29; hygro- 
scopic dust, 32; rain, 35; 
relative humidity, 26-27; 
saturation, 25-26; calories 
needed to evaporate, 55; 
climates and, 96; conduc- 
tion by, 90; density of, 230; 
changes in, 91; in feldspar, 
260; freezing, 231; hard, 
232-233; heat absorption, 
90; from humus, 310; mi- 
croclimates in, 90-93; as a 
mineral, 230-234; ocean, 
234; radiation scattered by, 


soil, capillary action of, 
318; classification of, 319; 
ions and, 324; penetration 
of, 316; retention of, 317; 
temperature and, 315; 
weight of, 310;  super- 
cooled, 231; volume 
changes in, 91; watching it 
freeze, 231 

Water of crystallization, 218, 
231; in changing rocks, 
263; replacing, 219 

Waterfalls, 285 

Water samplers, making, 109 

Waterspouts, 63 

Waves (ocean), erosion by, 
beach deposits, 299; la- 
goons from, 299; sea cliffs 
from, 297; terraces from, 
297 

Weather, absorption of radi- 
ant energy and, 50, absorp- 
tion by solids and, 54-55; 
air masses and, 68-69; at- 
mospheric absorption and, 
54; atmospheric heat trap, 
57; atmospheric scattering 
and, 58; conduction of air 
and, 55; cyclonic storms, 
70-71; the earth’s heat 
budget, 59; effect of incli- 
nation, 51; energy distribu- 
tion in the spectrum and, 
53; energy of infrared radi- 
ation and, 52; energy from 
sunlight and, 50-53; energy 
transfer by evaporation 
and, 55; forecasting, 67, 
74-75; fronts, 70-73, 75, 
80; the greenhouse effect, 
57; heating the atmosphere, 
54-59; hot body radiation, 


solar radiation, 52; radi- 
ometers, 50-51; reflections 
from clouds and, 58; winds 
and, 60-67; belts, 66—67; 
causes of, 60-67; clouds in 
convection cells, 64; con- 
vection cells, 60, 64; hur- 
ricanes, 65; land, 61; moun- 
tain, 61; primary atmos- 
pheric circulation, 66; sea, 
61; secondary atmospheric 
circulation, 66; thunder- 
storms, 64; tornadoes, 63; 
vortex formation, 62; water- 
spouts, 63; whirlwinds, 62; 
See also Climates 


Weathering, 274-281; chem- 


ical, 274; creep from, 281; 
exfoliation, 275; frost ac- 
tion, 275; landslides from, 
280; mudflows and slump- 
ing, 279 


West wind drift current, 106 
Western Canada, forest areas 


of, 309 


Wet-bulb thermometers, in 


determining relative humid- 
ity, 27; making a, 24 


Wheat, soil pH for, 327 
Whirlwinds, 62 

Wind vanes, making, 76 
Winds, erosion by, rock abra- 


sion, 296; sand dunes from, 
298; microclimates and, 95; 
ocean currents and, 107; 
ripples in sand from, 378; 
See also Weather, winds 
and 


Wood, volatile products of, 


266 


Woodlands, microclimates of, 


oF 


58; ripple marks in, 378; in 


56; maps, 74-75; nature of 


Worms, food for, 329 


Zinc in plants, 320 
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